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Latest Syllabus issued by CBSE) t24" Juv 2020 


PHYSICS (2021-22) 
COURSE STRUCTURE—CLASS XII 


TERM-I 


Time: 90 Minutes Max. Marks: 35 


Units No. of Periods 


Unit-I | Electrostatics 

Chapter 1 : Electric Charges and Fields 

Chapter 2 : Electrostatic Potential and Capacitance 
Unit-II | Current Electricity 


23 
SRE DSA nr" 
a 15 

Chapter 3 : Current Electricity 
Unit-III | Magnetic Effects of Current and Magnetism 

Chapter 4 : Moving Charges and Magnetism 16 

Chapter 5 : Magnetism and Matter i 
Unit-IV | Electromagnetic Induction and Alternating Currents 

Chapter 6 : Electromagnetic Induction 19 

Chapter 7 : Alternating Currents 





UNIT I: ELECTROSTATICS 23 Periods 


1. Electric Charges and Fields: 
Electric Charges; Conservation of charge, Coulomb’s law-force between two-point charges, forces between 
multiple charges; superposition principle and continuous charge distribution. Electric field, electric field 
due to a point charge, electric field lines, electric dipole, electric field due to a dipole, torque on a dipole 
in uniform electric field. Electric flux, statement of Gauss’s theorem and its applications to find field due 
to infinitely long straight wire, uniformly charged infinite plane sheet. 

2. Electrostatic Potential and Capacitance 
Electric potential, potential difference, electric potential due to a point charge, a dipole and system of charges; 
equipotential surfaces, electrical potential energy of a system of two-point charges and of electric dipole 
in an electrostatic field. Conductors and insulators, free charges and bound charges inside a conductor. 
Dielectrics and electric polarisation, capacitors and capacitance, combination of capacitors in series and in 
parallel, capacitance of a parallel plate capacitor with and without dielectric medium between the plates, 
energy stored in a capacitor. 


UNIT I: CURRENT ELECTRICITY 15 Periods 


3. Current Electricity: 
Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their relation 
with electric current; Ohm’s law, electrical resistance, V-I characteristics (linear and nonlinear), electrical 
energy and power, electrical resistivity and conductivity; temperature dependence of resistance. Internal 
resistance of a cell, potential difference and emf of a cell, combination of cells in series and in parallel, 


(vi) 














Kirchhoffs laws and simple applications, Wheatstone bridge, metre bridge (qualitative ideas only). 
Potentiometer — principle and its applications to measure potential difference and for comparing EMF of 
two cells; measurement of internal resistance of a cell (qualitative ideas only) 


UNIT HI: MAGNETIC EFFECTS OF CURRENT AND MAGNETISM 16 Periods 
4. Moving Charges and Magnetism: 


Concept of magnetic field, Oersted’s experiment. Biot - Savart law and its application to current carrying 
circular loop. Ampere’s law and its applications to infinitely long straight wire. Straight and toroidal 
solenoids (only qualitative treatment), force on a moving charge in uniform magnetic and electric fields. 
Force on a current-carrying conductor in a uniform magnetic field, force between two parallel current- 
carrying conductors-definition of ampere, torque experienced by a current loop in uniform magnetic field; 
moving coil galvanometer-its current sensitivity and conversion to ammeter and voltmeter. 


5. Magnetism and Matter 


Current loop as a magnetic dipole and its magnetic dipole moment, magnetic dipole moment of a revolving 
electron, bar magnet as an equivalent solenoid, magnetic field lines; earth’s magnetic field and magnetic 
elements. 


UNIT IV: ELECTROMAGNETIC INDUCTION AND ALTERNATING CURRENTS 


19 Periods 


6. Electromagnetic Induction 


Electromagnetic induction; Faraday’s laws, induced EMF and current; Lenz’s Law, Eddy currents. Self and 
mutual induction. 


7. Alternating Current 


Alternating currents, peak and RMS value of alternating current/voltage; reactance and impedance; LC 
oscillations (qualitative treatment only), LCR series circuit, resonance; power in AC circuits. AC generator 
and transformer. 
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Syllabus Assigned for Practical for Term 1 


Total Periods: 16 


First term practical examination will be organised by schools as per the directions of CBSE. The record 
to be submitted by the students at the time of first term examination has to include a record of at 
least 4 Experiments and 3 Activities to be demonstrated by teacher. 


Time Allowed: One and Half Hours Max. Marks: 15 


Two experiments to be performed by students at time of examination 
Practical record [experiments and activities] 


Viva on experiments and activities 


EXPERIMENTS ASSIGNED FOR TERM 1 





1. To determine resistivity of two / three wires by plotting a graph between potential difference 
versus current. 


2. To find resistance of a given wire / standard resistor using metre bridge. 
Or 
To verify the laws of combination (series) of resistances using a metre bridge. 
OF 
To verify the laws of combination (parallel) of resistances using a metre bridge. 
3. To compare the EMF of two given primary cells using potentiometer. 
Or 
To determine the internal resistance of given primary cell using potentiometer. 


4. To determine resistance of a galvanometer by half-deflection method and to find its figure of 
merit. 


5. To convert the given galvanometer (of known resistance and figure of merit) into a voltmeter of 
desired range and to verify the same. 


Or 


To convert the given galvanometer (of known resistance and figure of merit) into an ammeter of 
desired range and to verify the same. 


6. To find the frequency of AC mains with a sonometer. 
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+ Multiple Choice Questions (MCQs) 


1. SI unit of permittivity of free space is 
(a) Farad (b) Weber 
(c) CN- m~? (d) C?N-lm-2 [Ans. (c) 
2. A charge Q is placed at the centre of the line 
joining two point charges +q and +q as shown 
in the figure. The ratio of charges Q and g is 
K Q +9 
<M —_ x r x —_> 
(a) 4 (b) 1/4 
(c) -4 (a) -1/4 


3. The force per unit charge is known as 


[Ans. (d) 
(a) electric flux (b) electric current 
(d) electric field [Ans. (d) 
4. Electric field lines provide information about 
(a) field strength (b) direction 
(c) nature of charge (d) all of these [Ans. (d) 
5. Which of the following figures represent the 
electric field lines due to a single negative 


(c) electric potential 


charge? 

(a) (b) 
c — 
—— — > 

(c) <_C— (d —©—> ns. (b) 
— — 
m — 


Chapter: ie 


Electric Charges and Fields 


6. The SI unit of electric flux is 


(a) N C m~? (b) N C m? 
(c) N C2 m2 (d) NC! m? 

7. The unit of electric dipole moment is 
(a) newton (b) coulomb 
(c) farad (d) debye [Ans. (d) 

8. Consider a region inside which, there are 
various types of charges but the total charge is 
zero. At points outside the region 


[Ans. (d) 


(a) the electric field is necessarily zero. 
(b) the electric field is due to the dipole moment 
of the charge distribution only. 
(c) the dominant electric field is inversely pro- 
portional to 7°, for large r (distance from origin). 
(d) the work done to move a charged particle 
along a closed path, away from the region 
will not be zero. [Ans. (c) 
9. The surface considered for Gauss’s law is called 
(a) Closed surface (b) Spherical surface 
(c) Gaussian surface (d) Plane surface [Ans. (c) 
10. The total flux through the faces 
of the cube with side of length a 
if a charge q is placed at corner A 
of the cube is 








q a 
(a) L (0) £ x 
(c) A (d) + [Ans. (a) 
229 £0 
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11. Which of the following statements is not true 
about Gauss’s law? 


(a) Gauss’s law is true for any closed surface. 


(b) The term q on the right side of Gauss’s law 
includes the sum of all charges enclosed by 
the surface. 


(c) Gauss’s law is not much useful in calculating 
electrostatic field when the system has some 
symmetry. 

(d) Gauss’s law is based on the inverse square 
dependence on distance contained in the 
coulomb’s law. [Ans. (c) 


+ Assertion-Reason Questions 


DIRECTION: Read the two statements Assertion (A) 
and Reason (R) carefully to mark the correct option 
out of the options given below: 
(a) Assertion and Reason both are correct statements 
and Reason is correct explanation for Assertion. 
(b) Assertion and Reason both are correct statements 
but Reason is not correct explanation for 
Assertion. 
(c) Assertion is correct statement but Reason is 
wrong statement. 
(d) Assertion is wrong statement but Reason is 
correct statement. 

1. Assertion: If there exists coulomb attraction 
between two bodies, both of them may not be 
charged. 

Reason: In coulomb attraction two bodies are 
oppositely charged. 

Ans. (b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Coulomb attraction exists even when one body is charged, 
and the other is uncharged. 

2. Assertion: Electric force acting on a proton and 
an electron, moving in a uniform electric field is 
same, where as acceleration of electron is 1836 
times that a proton. 

Reason: Electron is lighter than proton. 

Ans. (a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

As F = gE, and charge (q) on an electron and on a proton 
has the same magnitude, therefore force (F) on each is same. 
Now, acceleration, a =F/m. 


Mass of electron, m = 7336 * mass of a proton. 


Acceleration of electron is 1836 times that of a proton. 
3. Assertion: As force is a vector quantity, hence 
electric field intensity is also a vector quantity. 
Reason: The unit of electric field intensity is 
newton per coulomb. 
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Ans. 


Ans. 


Ans. 


Ans. 


(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 
The electric field intensity is equal to force experienced by 
unit positive test charge q, placed at that point 1.e. 

> 
= thus iA is also a vector quantity. 

0 dr 
As, pute Newton 
g, Coulomb 





. Assertion: The surface densities of two spherical 


conductors of different radii are equal. Then the 
electric field intensities near their surface are also 
equal. 
Reason: Surface charge density is equal to charge 
per unit area. 
(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 
Given. 6, = ©, 

ty HN 

Anr? nr,” h nh 
Then the ratio of electric field intensities near the surface of 
spherical conductors, 





Ey _ J Areg 

E, Aner? 92 

CN iy ib] 
E h Y 492 


....[Let r4 and r, be two different radii 
1.€. E, = E, 


. Assertion: The electric lines of forces diverges 


from a positive charge and converge at a negative 
charge. 

Reason: A charged particle free to move in an 
electric field always move along an electric line 
of force. 

(c) Assertion is correct statement but reason is 
wrong statement. 

If the charged particle is initially at rest in an electric field, 
it will move along the electric line of force. But when the 
initial velocity of charged particle makes some angle with 
the line of force then the resultant path is not along the line 
of force because electric line of force may not coincide with 
the line of velocity of the charge. 


. Assertion: Range of Coulomb force is infinite. 


Reason: Coulomb force acts between two charged 
particles. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Coulomb’s force or electric force given by Coulomb’s law, is 
valid over nuclear distances (10-!°m) as well as over very 
large distance. 


From Coulomb's law, F = klala . 
r 
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Ans. 


Ans. 


Ans. 


10. 


Ans. 


This generally holds only for charged objects whose size are 
much smaller than the distance between them. 


. Assertion: A small metal ball is suspended in a 


uniform electric field with an insulated thread. If 
high energy X-ray beam falls on the ball, the ball 
will be deflected in the electric field. 

Reason: X-rays emits photoelectron and metal 
becomes negatively charged. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

When high energy X-ray beam falls on the ball, the metal 
will emit photoelectrons, thus leaving the positive charge on 
the ball. As a result of this, ball is deflected in the direction 
of electric field. 


. Assertion: If a point charge be rotated in a circle 


around a charge, the work done will be zero. 
Reason: Work done is equal to dot product of 
force distance. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

Work done will be zero because in rotating the charge in a 
circle, force is along the radius and direction of motivation 
is perpendicular to it. 


Work done, W = rs = FS cos 8 = FS cos 90° = 0 


. Assertion: No two electric lines of force can 


intersect each other. 

Reason: Tangent at any point of electric line of 
force gives the direction of electric field. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

It the two electric lines of force can intersect each other than 
at the point of intersection, we can draw two tangents to 
the two lines of force. This would mean two directions of 
electric field intensity at the point of intersection, which is 
not possible. 


Assertion: Sharper is the curvature of spot on a 
charged body lesser will be the surface charge 
density at that point. 

Reason: Electric field is non-zero inside a charge 
conductor. 

(d) Assertion is wrong statement but reason is 
correct statement. 

Surface of a charged conductor is always an equipotential 
surface, whatever may be its shape, Hence oR = constant, 
at every point on the surface of charged conductor 1.e. at the 
sharpest point (R— 0) of the surface, charge density will 
be maximum. A untformly conductor exerts no electrostatic 
force on a point charge located anywhere inside the conductor 
or electric filed is zero. 
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+ Case Based Questions 


1. Read the para given below and answer the 


questions that follow: 

Potentiometer. A potentiometer is a device used 
to measure/compare unknown voltages. The 
device shown has a 4 metre long wire and draws 
current from a source of emf ‘F. 





A <€— 100 cm —> 


(i) The potentiometer can compare emf E, and E, 


of two sources. 
(a) If both FE} and E, exceed E. 


(b) If both E} and E, are less than E. 
(c) If either E} and E, exceed E. 
(d) For all values of F4 and E3. 


Ans. (b) If both F4 and E, are less than E. 
(ii) The sensitivity of potentiometer 


(a) is independent of the length of the wire used. 
(b) increases if the wire is longer. 
(c) decreases if the wire is longer. 
(d) increases with rise in temperature of the wire. 


Ans. (b) increases if the wire is longer. 
(iii) The Potentiometer wire should have; 


(a) uniform area of cross section. 

(b) very large cross section. 

(c) gradually increasing area of cross section 
from A to B. 

(d) gradually decreasing area of cross section 
from A to B. 


Ans. (a) Uniform area of cross section. 
(iv) Which of the following is not essential in a 


potentiometer? 

(a) The wire should have uniform area of cross 
section. 

(b) The wire should be made of copper. 

(c) The current through the wire should be steady. 

(d) The strips used to connect the parallel one 
metre long wire should be thick. 


Ans. (b) The wire should be made of copper. 
(v) In order to use the above potentiometer to find 


the internal resistance of cell. 

(a) The positive terminal of the cell should be 
connected to A. 

(b) The negative terminal of the cell should be 
connected to A. 

(c) The cell should have an emf exceeding E 

(d) Either of the two terminals positive or 
negative can be connected to A. 


Ans. (a) The positive terminal of the cell should be 


connected to A. 
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2. Read the para given below and answer the 
questions that follow: 


A charge is a property associated with the matter 
due to which it experiences and produces an 
electric and magnetic field. Charges are scalar in 
nature and they add up like real number. Also, 
the total charge of an isolated system is always 
conserved. When the objects rub against each 
other charges acquired by them must be equal 
and opposite. 


Electric field lines of a 
positive point change 


Electric field lines of a 
negative point change 


(i) The cause of a charing is: 
(a) the actual transfer of protons. 
(b) the actual transfer of electrons. 
(c) the actual transfer of neutrons. 
(d) none the above 
Ans. (d) the actual transfer of electrons. 


(ii) Pick the correct statement. 

(a) The glass rod gives protons to silk when they 
are rubbed against each other. 

(b) The glass rod gives electrons to silk when 
they are rubbed against each other. 

(c) The glass rod gains protons from silk when 
they are rubbed against each other. 

(d) The glass rod gains electrons when they are 


rubbed against each other. 
Ans. (b) The glass rod gives electrons to silk when 
they are rubbed against each other. 

(iii) If two electrons are each 1.5 x 10-10 m from a 
proton, the magnitude of the net electric force 
they will exert on the proton is 
(a) 1.97 x 10-8 N (b) 2.73 x 108 N 
(c) 3.83 x 10-8 N (d) 4.63 x 10-8 N 

Ans. (a) 1.97 x 108 N 
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(tv) A charge is a property associated with the matter 
due to which it produces and experiences: 
(a) electric effects only 
(b) magnetic effects only 
(c) both electric and magnetic effects 
(d) none of these. 

Ans. (c) both electric and magnetic effects 

(v) The cause of quantization of electric charges is: 
(a) Transfer of an integral number of neutrons. 
(b) Transfer of an integral number of protons. 
(c) Transfer of an integral number of electrons. 
(d) None of the above. 


Ans. (c) Transfer of an integral number of electrons. 


3. Read the para given below and answer the 
questions that follow: 
Surface Charge Density. Surface charge density 
is defined as the charge per unit surface area the 
surface (Arial) charge symmetric distribution and 
follow Gauss law of electro statics mathematical 


AQ 
term of surface charge density 0 = jo. 


(AT) 
A B 


Two large thin metal plates are parallel and close 
to each other. On their inner faces, the plates 
have surface charge densities of opposite sign (+ 


o). Having magnitude 8.8 x 1071? cm~ as shown 
here. The intensity of electrified at a point is E = 
= and flux is 6 = EAS, where AS = 1 m? (unit 
arial plate) 
(i) E in the outer region (I) of the first (A) plate is 
(a) 1.7 x 10-2 N/C (b) 1.1 x 10- V/m 
(c) Zero (d) Insufficient data 
Ans. (c) Zero 
(ii) E in the outer region (III) of the second plate (B) 
is 
(a) 1 N/C 
(c) 0.5 N/C 
Ans. (d) zero 
(iii) E between (II) the plate is 
(a) 1 N/C (b) 0.1 V/m 
(c) 0.5 N/C (d) None of these 
Ans. (d) None of these 
(iv) The ratio of E from left side of plate A at 
distance 1 cm and ,/2 m respectively is 


(b) 0.1 V/m 
(d) zero 


(a) 1:42 (b) 10: y2 
(c)1:1 (d) 20:1 
Ans. (c)1:1 
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(v) In order to estimate the electric field due to 
a thin finite plane metal plate the Gaussian 
surface considered is 
(a) Spherical 
(c) Cylindrical 

Ans. (c) Cylindrical 


4. Read the para given below and answer the 
questions that follow: 


(b) Linear 
(d) Cybic 


Work is done in moving a unit positive charge. 
From infinity to a point in an electric field, against 
the direction of electric field, is called electric 
potential. It is a scalar quantity and is measured 


in volts. 
Electric intensity at a point is equal to the negative 
, dV 
of the potential gradient t.e, E = E 
Electric potential due to a single charge is given 
by V = kg/r. 
Electric potential due to an electric dipole is 
given by: 
kpcos 0 
V= 


(r? -I° cos? 0) 
Electric potential energy is given by: 
U = electric potential x Change = kq, q2/r 
(i) Two concentric spheres r,; and r, carry charges 
gq, and q respectively. If the surface charge 
density o is the same for both spheres, the 
electric potential at the common centre will be: 
or OT, 


eae ©) oon 
(c) = r) (d) (i +1) 
Ans. (d) — (n +7) 


0 
Given. ©1 = ©; 


E Dts, Mn 
27 2 2 2 
Ann Ant, ho OM 





Kq i Kg r 
Vga Vet Vo S a ge J2 
1 ox4nri „1 ox4nr,’ 
ANE, r 4NEg n 
= a = 5 (r + 1) 
(ii) Dimensions of electrostatic potential are: 
(a) [M! L-2 T- A71] 
(b) [M} L? T?] 
(c) [M L-2 T A-3 
(d) [M! L2 T- AW] 
Ans. (d) M! L? T A-7! 


. W 
Given. V = F => 


Q 
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Competency Based Questions (CBQs) | C-5 | 


FS MLT” xL 
rate ar 
< V= ML? T’ A71 
(iii) Two metallic spheres of radii 1 cm and 3 cm 
are given charges of -1 x 10-2 C and 5 x 10-2 
C respectively. If these are connected by a 
conducting wire, the final charge on the bigger 


sphere is: 
(a) 2 x 10-2 C (b) 3 x 10-2 C 
(c) 4 x 10-2 C (d) 1 x 10-2 C 
Ans. (b) 3 x 10-2 C 
Given. r4 = 1 cm ; r = 3 cm; qı = -1x10? C and 
qo = 5 x 10? C 
4x10 


ee 
As we know, V = G = 4nég (ry + rz) 


es q’> = CV 
4 x 10-2 


_ 4x10°x3 
4nég (r + ro) 


= -2 
ag) = 3x10 C 


= ANE I> x 


(tv) Changes are placed on the vertices of a square 
as shown in figure. Let E be the electric field and 
V be the potential at the centre. If the charges 
on A and B are interchanged with those on D 
and C respectively then, 


A B 
+q +q 


TD Cc. 
(a) E Changes, V remains constant. 
(b) E remains unchanged, V changes. 
(c) Both E and V Changes. 
(d) E and V remains unchanged. 
Ans. (a) E Changes, V remains constant. 

(v) The electric potential difference V at any point 
(x,y,z) in space is given by V = 3x? where x, y 
and z are all in meters. The electric field at the 
point (1 m, 0, 2 m) is: 

(a) 6V/m along positive x-axis. 
(b) 6V/m along negative x-axis. 
(c) 12V/m along negative x-axis. 
(d) 12V/m along positive x-axis. 
Ans. (b) 6V/m along negative x-axis. 
Given. V = 3x? 
Electric field, E at ( 1m, 0, 2m) 


_aV 

E= dx 
> E= E E ee 

dx 


E = -6 V/m 
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5. 


_~ 
=. 
= 


Ans. 


(ii) 


Ans. 
(iii) 


Q 


Read the para given below and answer the 
questions that follow: 


Gauss Theorem: The total flux through a closed 


1 
surface, enclosing a volume, in vacuum is — 


time the net change, enclosed by the surface. ° 


b= $ExdS _ f enclosed 
s E0 

Gaussian Surface: Any closed surface imagined 
around the charge distribution, so that Gauss 
theorem can be conveniently applied to find 
electric field due to the give charge distribution. 
Electric field due to infinitely long straight 
charged wire of linear charge density A ; 





, where r is the perpendicular distance 
2TNEgr 


of the observation point from the wire. Electric 
field due to an infinite plane sheet of charge of 
surface charge density o. 
(0J 
© 2e 
S.I unit of electric flux is ........... eee i 
(a) N? m C (b) Nm C- 
(c) Nm? C-1 (d) Nm- C 
(c) Nm? C-1 


Given. » = E.dS 


> þ= Sm bp = Nm?C-1 
Electric flux is a ..eesesssssessocce. : 

(a) Constant quantity (b) Vector quantity 
(c) Scalar quantity (d) None of these 


(c) Scalar quantity 


Two charges of magnitude -2Q and +Q are 
located at points (a, 0) and (4a, 0) respectively. 
What is the electric flux due to these charges 
through a sphere of radius ‘3a’ with its centre 
at origin? 





~20 

(a) S O 
-3Q 

o7 a z 
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Ans. 


~20 


fo 





(b) 





. — fins _ ZX 
Electric flux, ọ a eo 


(iv) A charge q is placed at the centre of a cube of 


Ans. 


(v) 


Ans. 


side l. What is the electric flux passing through 
each face to the cube? 


q 
(a) 55 O) Se. 
q 
() San (a) a 
© Sa 
q 


As we know, > = z 


“. Electric flux passing through each face of cube, 
q i q 


— X — e l! 


co 6 669 


d= 


The figure shows three charges +2g , -q and 
+3q. Two charges + 2q and -q are enclosed with 
in a surface ‘S’. What is the electric flux due to 
this configuration through the surface ‘S’ ? 


5q 3q 
(a) Zeg O = 
o 2 () 
Oi 
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+ Multiple Choice Questions (MCQs) 


1. Which of the following statement is true? 


(a) Electrostatic force is a conservative force. 

(b) Potential at a point is the work done per unit 
charge in bringing a charge from any point to 
infinity. 

(c) Electrostatic force is non-conservative. 

(d) Potential is the product of charge and work. 














[Ans. (a) 
. 1 volt is equivalent to 
(a newton (b) newton 
second coulomb 
joule joule 
c coulomb (4) second Ente) 


. The work done in bringing a unit positive 
charge from infinite distance to a point at 
distance x from a positive charge Q is W. Then 
the potential o at that point is 


(a) =S 


(cy “ 


(b) W 


(d) WQ 


. Consider a uniform electric field in the 
z-direction. The potential is a constant 


[Ans. (b) 


(a) for any x for a given z 
(b) for any y for a given z 
(c) on the x-y plane for a given z 


(d) all of these [Ans. (d) 
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Electrostatic Potential 
d Capacitance 


. Equipotential surfaces 


(a) are closer in regions of large electric fields 
compared to regions of lower electric fields. 

(b) will be more crowded near sharp edges of a 
conductor. 

(c) will always be equally spaced. 


(d) both (a) and (b) are correct. [Ans. (d) 


. In a region of constant potential 


(a) the electric field is uniform. 

(b) the electric field is zero. 

(c) there can be no charge inside the region. 

(d) both (b) and (c) are correct. [Ans. (d) 


. A test charge is moved from lower potential 


point to a higher potential point. The potential 
energy of test charge will 
(a) remain the same (b) increase 


(c) decrease (d) become zero [Ans. (c) 


. An electric dipole of moment Pp is placed ina 


uniform electric field E. Then 


(1) the torque on the dipole is p x E O 
(11) the potential energy of the system is P.E 


(111) the resultant force on the dipole is zero. 
Choose the correct option. 

(a) (i), (ii) and (iii) are correct 

(b) (i) and (iii) are correct and (ti) is wrong 

(c) only (i) is correct 

(d) (i) & (ii) are correct & (iii) is wrong [Ans. (b) 


Competency Racad Ouoctinne = 


WW JEEBOOKS.IN 


Cs 
C5 
= 
= 
rv 
E 
m 
a 
Cs 
~< 
Og 
=> 
7e 
EE 
CJ 





C-8 = Shiv Das Chapterwise Question Bank (Physics XII) 


9. 


Electrostatic Potential and Capacitance 


10. 


11. 


12. 


13. 


14. 


15. 


If a conductor has a potential V + 0 and there 
are no charges anywhere else outside, then 


(a) there must be charges on the surface or inside 
itself. 

(b) there cannot be any charge in the body of the 
conductor. 

(c) there must be charges only on the surface. 

(d) both (a) and (b) are correct. [Ans. (c) 

Which of the following statements is false for a 

perfect conductor? 

(a) The surface of the 
equipotential surface. 

(b) The electric field just outside the surface of a 
conductor is perpendicular to the surface. 


conductor is an 


(c) The charge carried by a conductor is always 
uniformly distributed over the surface of the 
conductor. 


(d) None of these. [Ans. (d) 
Dielectric constant for a metal is 
(a) zero (b) infinite 
(c) 1 (d) 10 [Ans. (b) 


When air is replaced by a dielectric medium 
of constant K, the maximum force of attraction 
between two charges separated by a distance 

(a) increases K times 
(c) decreases K times 


(b) remains unchanged 

(d) increases K-! times 
[Ans. (c) 

In a parallel plate capacitor, the capacity 

increases if 

(a) area of the plate is decreased. 

(b) distance between the plates increases. 

(c) area of the plate is increased. 

(d) dielectric constantly decreases. [Ans. (c) 

A parallel plate air capacitor is charged 

to a potential difference of V volts. After 

disconnecting the charging battery the distance 

between the plates of the capacitor is increased 

using an insulating handle. As a result the 

potential difference between the plates 

(a) increases 

(c) does not change 


(b) decreases 
(d) becomes zero 
[Ans. (a) 
Two identical capacitors are joined in parallel, 
charged to a potential V, separated and then 
connected in series, the positive plate of one is 
connected to the negative of the other. Which of 
the following is true? 
(a) The charges on the free plated connected 
together are destroyed. 
(b) The energy stored in this system increases. 
(c) The potential difference between the free 
plates is 2V. 
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16. 


17. 


(d) The potential difference remains constant. 
[Ans. (c) 

A capacitor has some dielectric between its 

plates, and the capacitor is connected to a dc 

source. The battery is now disconnected and 

then the dielectric is removed, then 

(a) capacitance will increase. 

(b) energy stored will decrease. 

(c) electric field will increase. 

(d) voltage will decrease. [Ans. (c) 

Two spherical conductors each of capacity C are 

charged to potential V and -V. These are then 

connected by means of a fine wire. The loss of 

energy is 


(a) zero (b) CV2 


(c) CV? (d) 2 CV? [Ans. (c) 


+ Assertion-Reason Questions 


DIRECTION: Read the two statements Assertion (A) 
and Reason (R) carefully to mark the correct option 
out of the options given below: 

(a) Assertion (A) and Reason (R) both are correct 


statements and Reason is correct explanation for 
Assertion. 


(b) Assertion (A) and Reason (R) both are correct 


statements but Reason is not correct explanation 
for Assertion. 


(c) Assertion (A) is correct statement but Reason (R) 


is wrong statement. 


(d) Assertion (A) is wrong statement but Reason (R) 


1. 


Ans. 


Ans. 


is correct statement. 


Assertion: Positive charge always moves from a 
higher potential point to a lower potential point. 
Reason: Electric potential is a vector quantity. 
(c) Assertion is correct statement but reason is 
wrong statement. 

If two points P and Q in an electric field are separated by 
an infinitesimal distance Ax and have a potential difference 
AV between then, E = A 

Here negative sign implies that E has got a direction 
opposite to the potential gradient i.e., in the direction of 


> 
E the potential decreases i.e., positive charge always move 
from a higher potential point to a lower potential point. 


. Assertion: Electric potential of the earth is zero. 


Reason: The electric field due to the earth is zero. 
(c) Assertion is correct statement but reason is 
wrong statement. 

Earth is a good conductor of very large size. When some 
small charge is given to earth, its potential does not change. 
Hence potential of earth is assumed to be zero. It is just 
like sea level which does not alter materially when water is 
added to it or removed from it. Thus the potential of all other 
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Ans. 


Ans. 


Ans. 


bodies are measured with reference to the earth. For this, if 
the connection of a charged body to the ground by a metallic 
conductor would cause electrons to flow to that body from 
ground, the body is at positive potential. Conversely, is also 
true. In either case the conductor is neutralised and brought 
to zero potential. In fact the atmosphere does possess 
significant electric field. 


. Assertion: When air between the plates of 


a parallel plate condenser is replaced by an 
insulating medium of dielectric constant its 
capacity increases. 

Reason: Electric field intensity between the plates 
with dielectric in between it is reduced. 

(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 
for Assertion. 


Given. Capacity of parallel plate condenser, C = 7 ait 


1 
Electric field intensity becomes K times las K= EJE], 


Therefore potential V also becomes = times. Hence, from 


equation (i) capacity becomes K times. Thus electric field 
decreases and capacitance increases when condenser is filled 


with insulated medium of some dielectric constant. 


. Assertion: Two adjacent conductors, carrying the 


same positive charge have no potential difference 
between them. 

Reason: The potential of a conductor does not 
depend upon the charge given to it. 

(d) Assertion is correct statement but Reason is 
wrong statement. 


The potential of a conductor depends upon the charge given 
to it and there exist a potential difference between two 
adjacent conductors. 


. Assertion: A capacitor is connected to a battery. 


If we move its plate further apart, work will be 
done against the electrostatic attraction between 
the plates and the energy of the capacitor gets 
decreased. 

Reason: The energy stored in capacitor is 
dissipated in the form of heat energy. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for Assertion. 

When the plates of a capacitor are moved further apart, the 
capacitance gets decreased. As battery remains connected, 
hence charge q(= CV) on the plates is decreased and 
energy U = [1/2 CV?) also decreases. Some charge from the 
plates flows to the battery i.e., some energy of capacitor is 
transferred to the battery. Work done against electrostatic 
attraction between plates is used in the transference of 
energy and is dissipated in the form of heat energy in 
connected wires. 


. Assertion: A capacitor can be broken by placing 


large amount of charge on it. 
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Ans. 


Ans. 


Ans. 


10. 


. Assertion: 


Competency Based Questions = C-9 


Reason: After breakage potential, capacitor is 
destroyed. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for Assertion. 

When large amount of charges are placed on capacitor a high 
potential difference is established between its conducting 
components. If this potential, an electric discharge results, 
destroying the capacitor. If the capacitor contains an 
insulator between its conducting components, the insulator 
will be burnt at the atomic/molecular level. A capacitor 
subjected to voltage exceeding the breakage potential cannot 
be recovered. It should be discarded and replaced. 

Charge on all the condensers 
connected in series is the same. 

Reason: Capacitance of capacitor is directly 
proportional to charge on it. 

(c) Assertion is correct statement but Reason is 
wrong statement. 

Let two capacitors be connected in series. If +q charge is 
installed on left plate of the first capacitor then -q charge is 
induced on right plate of this capacitor. This charge comes 
from electron drawn from the left plate of second capacitor. 
Thus there will be equal charge +q on the left plate of second 
capacitor and -q charge induced on the right plate of second 
capacitor. Thus each capacitor has same charge (q) when 
connected in series. Capacitance is quantity dependent on 
construction of capacitor and independent of charge. 


. Assertion: The surface of a conductor is an 


equipotential surface. 

Reason: Conductor allows the flow of charge. 
(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 
for Assertion. 

If two points on a conductor were at different potentials, 
charge would flow from higher potential to lower potentials, 
till their potentials become equal. A surface on which 
the potential has the same value everywhere is called an 
equipotential surface. 


. Assertion: No work is done in taking a positive 


charge from one point to other inside a positive 
charged metallic sphere while outside the sphere 
work is done in taking the charge toward the 
sphere. 

Reason: Inside the sphere electric potential is 
same at each potential, but outside it is different 
for different points. 

(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 
for Assertion. 

Inside the charged metallic sphere every point is at the 
same electric potential, hence W = gAV = 0. But outside 
the sphere, three exists a potential gradient at every point, 
hence W = 0. 

Assertion: An electric field is preferred in 
comparison to magnetic field for detecting the 
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Ans. 


electron beam in a television picture tune. 
Reason: Electric field requires low voltage. 

(d) Assertion is false statement but reason is 
correct statement. 

If electric field is used for detecting the electron beam, then 
very high voltage will have to be applied and very long tube 
will have to be taken. 


+ Case Based Questions 
1. 


Read the para given below and answer the 
questions that follow: 


Potential difference (Av) between two points A 
and B separated by a distance x, in a uniform 
electric field E is given by Av = -Ex, where x is 
measured parallel to the field lines. If a charge qo 
moves from A to B, the change in potential energy 
(Av) is given as Av = g, Av. A proton is released 
from rest in uniform electric field of magnitude 
8.0 x 10* Vm"! directed along the positive X-axis. 
The Proton undergoes a displacement of 0.50 m 
in the direction of E. 


Mass of a Proton = 1.66 x 10-7 Kg 
and charge on a proton = 1.6 x 10-17 C. 


oO?" 
TIAK an 7B 


With the help of the passage given above, choose 
the most appropriate alternative for each of the 
following questions: 


(i) As the Proton moves from A to B, then 


Ans. 


(a) The Potential energy of Proton decreases 
(b) The Potential energy of Proton Increases 
(c) The Proton loses kinetic energy. 

(d) Total energy of the proton Increases. 

(a) The Potential energy of Proton decreases 


(ii) The change in electric potential of the Proton 


Ans. 


between the points A and B is 

(a) 4.0 x 10t V (b) -4.0 x 104 V 
(c) 6.4 x 10-1? V (d) -6.4 x 10- V 
(b) -4.0 x 104 V 

Given. AV = -Fx 

AV = -8 x 10% x 5 = -4 x 10* V 


(iii) The change in electric potential energy of the 


Ans. 


proton for displacement from A to B is 
(a) -6.4 x 10” J (b) 6.4 x 10-1 J 


(c) -6.4 x 10-15] (d) 6.4 x 10-15] 
(c) -6.4 x 10-15] 


(iv) The velocity (VB) of the proton after it has 
moved 0.50 m starting from rest is 


Q 
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Ans. 


(a) 1.6 x 108 ms"! 
(c) 2.77 x 10* ms! 
(b) 2.77 x 10° ms~! 


(b) 2.77 x 10° ms-! 
(d) 1.6 x 10° ms“! 


(v) If in place of charged plates, two similar point 


Ans. 


. Read the para given below and answer the 


charges of 1uC have kept in air at 1m distance 
from each other. Then, potential energy is 


(a) 1] (b) 1eV 
(c) 9 x 10-3 J (d) Zero 
(c) 9 x 103] 


questions that follow: 


An arrangement of two conductors separated 
by an insulating medium can be used to store 
electric charge and electric energy. Such a system 
is called a capacitor. The more charge a capacitor 
can store, the greater is its capacitance. Usually, 
a capacitor consists of two capacitors having 
equal and opposite charge + Q and -Q. Hence, 
there is a potential difference V between them. 
By the capacitance of a capacitor, we mean the 
ratio of the charge Q to the potential difference 
V. By the charge on a capacitor we mean only the 
charge Q on the positive plate. Total charge of the 
capacitor is Zero. The capacitance of a capacitor 
is a constant and depends on geometric factors, 
such as the shapes, sizes and relative positions of 
the two conductors, and the nature of the medium 
between them. The unit of capacitance Farad (F), 
but the more convenient units are UF and pF. A 
commonly used capacitor consists of two long 
strips or metal foils, separated by two long strips 
of dielectrics, rolled up into a small cylinder. 
Common dielectric materials are plastics (such 
as polyestor and polycarbonates) and aluminum 
oxide. Capacitors are widely used in television, 
computer, and other electric circuits. 


(i) A parallel plate capacitor C has charge Q. The 


actual charge on its plates are: 


(a) Q, Q (b) Q/2, Q/2 
(c) Q, -Q (d) O72; -Q/2 
Ans. (c) Q, -Q 


(ii) A parallel plate capacitor is charged. If the plate 


Ans. 


are pulled apart, 

(a) the capacitance increases. 

(b) the potential difference increases. 

(c) the total charge increases. 

(d) the charge and the potential difference 
remains the same. 

(b) The potential difference increases. 


(iii) If n capacitors, each of capacitance C, are 


connected in series, then the equivalent 
capacitance of the combination will be. 

(a) n C (b) n? C 

(c) C/n (d) C/n? 
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Ans. 


(c) C/n 


As capacitance are connected in series 


1 1 1 

— = — + — 

Ce o 
C 


.C== 


n 


(iv) Three capacitors 2.0, 3.0 and 6.0 microfarad are 


Ans. 


connected in series to a 10 v source. The charge 
on the 3.0 microfarad capacitor is: 

(a) 5 microcoulomb (b) 10 microcoulomb 

(c) 12 microcoulomb (d) 15 microcoulomb 
(b) 10 microcoulomb 





2uF 3uF 6uF 
q=? 
+ — 
10 V 
1 1 1 1 3+2+1 
— = t-t- =] 
C 2 3 6 6 


a C= ir = ¢= CV 
. g=1%x10=10 uC 


(v) What is the potential difference across 2 


Ans. 


" Potential difference across 2 uC, V; = = 


microfarad capacitor in the circuit shown? 
6V 


|] 
J 


2uF 3uF 
16V 
(a) 12 V (b) 4 V 
(c) 6 V (d) 18 V 
(c) 6V 


Given. Total potential, V = 16 - 6 = 10 V 
...[As batteries are placed in same direction 
f _ 2x3 6 
Total Capcitance, C = ce uF 
6 
Total charge, q = CV = 5 x10 = 12 uC 
To 12uC _ 
c7 oc 7 6V 


..[ q is same for both as they are in series 


. Read the para given below and answer the 


questions that follow: 


Potential of Two Point Charges. The potential at 
any observation point P of a static electric field 
is defined as work done by the external agent 
(or negative of work done by electrostatic field) 
in slowly bringing a unit positive point charge 
form infinity to the observation point. The figure 
given below shows the potential variation along 
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Competency Based Questions = C-11 


the line of charges. Two point charges Q; and Q, 
lie along a line at a distance from each other. 





(i) At which the points 1, 2 and 3 is the electric 


Ans. 


field is zero? 


(a) 1 (b) 2 
(c) 3 (d) Both (a) and (b) 
(c) 3 


As = -p = Ep the negative of the slope of V versus r 


curve represent the component of electric field along r. Slope 
of curve is zero only at point 3. Therefore, the electric field 
vector is zero at point 3. 


(ii) The signs of charges Q} and Q, respectively are 


Ans. 


(a) positive and negative 

(b) negative and positive 

(c) positive and positive 

(d) negative and negative 

(a) positive and negative 

Near positive charge, net potential is positive and near a 
negative charge, net potential is negative. Thus charge Q4 is 
positive and Q, is negative. 


(iii) Which of the charges Q, and Q, is greater in 


Ans. 


magnitude? 

(a) Qo (b) Q: 

(c) Same (d) Cannot determined 
(b) Q: 


From the figure, it can be seen that net potential due to two 
charges is positive everywhere in the region left to charge 
Qı. Therefore the magnitude of potential due to charge Q1 
is greater than due to Q3. 


(tv) Which of the following statement is not true? 


Ans. 


(a) Electrostatic force is a conservative force. 

(b) Potential energy of charge q at a point is 
the work done per unit charge in bringing a 
charge form any point to infinity. 

(c) When two like charges lie infinite distance 
apart, their potential energy is zero. 

(d) Both (a) and (c). 

(b) Potential energy of charge q at a point is 
the work done per unit charge in bringing a 
charge form any point to infinity. 
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(v) Positive and negative point charges of equal 

magnitude are kept at (005) and |o 5] resp- 

ectively. The work done by the electric field 

when another positive point charge is moved 

from (-a, 0, 0) to (0, a, 0) is 

(a) positive 

(b) negative 

(c) zero 

(d) depends on the path connecting the initial 
and final positions. 

(c) zero 

It can be seen that potential at the points both A and B are 

zero. When the charge is moved from A to B, work done by 


Ans. 


(ii) 


Ans. 


Ans. 





the electric field on the charge will be zero. (iii) 
Ans. 
(iv) 
4. Read the para given below and answer the Ans. 
questions that follow: 
Equipotential Surfaces. For the various charge 
systems, we represent equipotential surfaces 
by curves and line of force by full line curves. 
Between any two adjacent equipotential surfaces, 
we assume a constant potential difference the 
equipotential surfaces of a single point charge (v) 
are concentric spherical shells with their centres 
at the point charge. As the lines of force point 
radially outwards, so they are perpendicular to 
the equipotential surfaces at all points. 
A 
B Ans. 


E 


(i) Identify the wrong statement. 
(a) Equipotential surfaces due to a single point 
charge is spherical. 
(b) Equipotential surfaces can be constructed for 
dipoles too. 
(c) The electric field is normal to the equipotential 
surfaces through the point. 
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(d) The work done to move a test charge on the 
equipotential surface is positive. 

(d) The work done to move a test charge on the 
equipotential surface is positive. 

Nature of equipotential surface for a point 

charge is 

(a) Ellipsoid with charge at foci. 

(b) Sphere with charge at the centre of the 
sphere. 

(c) Sphere with charge on the surface of the 
sphere. 

(d) Plane with charge on the surface. 

(b) Sphere with charge at the centre of the sphere. 

A spherical equipotential surface is not possible 

(a) inside a uniformly charged sphere. 

(b) for a dipole. 

(c) inside a spherical condenser. 

(d) for a point charge. 

(b) for a dipole. 

The work done in carrying a charge q once 

round a circle of radius a with a charge Q at its 

centre is 








qQ qQ 
(a) 4 nega (b) Anega 
(o) T (d) zero 
(d) zero 


The electrical potential at any point on 
circle of a radius due to charge Q 

Q 

4n) a 

It is an equipotential surface. 





at its centre is V = 


Hence, work done in carrying a charge q round the circle is 
Zero. 

The work done to move a unit charge along an 
equipotential surface from P to Q 


Q 
. > > 
(a) must be defined as -— J FE dl 


(b) is zero 

(c) can have a non-zero value 
(d) Both (a) and (b) are correct 
(d) Both (a) and (b) are correct 


Work done to move a unit charge along an equtpotential 
Q 

surface from P to Q is W = - [Bat 
P 


> > 
As we know, on equipotential surface El d I 


Q 
n W=- | E(dl) cos90° = 0 
p 


. Read the para given below and answer the 


questions that follow: 


Spherical Capacitor. The electrical capacitance of 
a conductor is the measure of its ability to hold 
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electric charge. An isolated spherical conductor of (ii) How much charge should be placed on a 
radius R. The charge Q is uniformly distributed capacitance of 25 pF to raise its potential 10° V? 
over its entire surface. It can be assumed to be (a) 1 uC (b) 1.5 uC 
concentrated at the sphere. The potential at any (c) 2 uC (d) 2.5 uC 
point on the surface of the surface of the spherical aye (d) 2.5 uC 
conductor will be V = a . As q = CV = 25 x 10°22 x 10° = 2.5 uC 

TLE 


(iii) Dimensions of capacitance is 
(a) [M-! L-2 Tt A?] 
(b) [M L- TS AY 
(c) [M L- Tt A} 
(d) [M° L-2 Tt AY 

Ans. (a) [M-! L-2 Tt A?]. 

(tv) Metallic sphere of radius R is charged to 

potential V. Then charge q is proportional to 


C3 
C3 














(a) V (b) R 
Capacitance of the spherical conductor situated (c) Both V and R (d) none of these 
l . ~ Q Q _ Ans. (c) Both V and R 
in vacuum is C = v 1i Q or C=4ne R As charge, q = CV = (4ne,R)V 
Ane, R ~. q depends on both V and R. 
Clearly, the capacitance of a spherical conductor (v) If 64 identical spheres of charge q and 
is proportional to its radius. capacitance C each are combined to form sphere 
The radius of the spherical conductor of 1F the charge and capacitance of the large sphere is 
1 (a) 64g, C (b) 16g, 4C 
capacitance is R = m C and this radius is (c) 64g, 4C (d) 16g, 64C 
about 1500 times the radius of the earth Ans. (c) 64g, 4C 
3 64 drops have formed a single drop of radius R. 
(~ 6 x 10° km). Volume of large sphere = 64 x Volume of small sphere 
(i) If an isolated sphere has a capacitance 50pF. a oe ee ae 
Then radius is an an i 
(a) 90 cm (b) 45 cm => R = 4r and Qp = 649 
(c) 45 m (d) 90 m C’ = 4ne) R > C’ = (Amey). 4r 


Ans. (b) 45 cm 





’=4 
Given. C = 50 pF = 50 x 10-12 F, > C C 
R= 1 .C=9 x 109 mF% x 50 x 10-2 F 
ANE, 
= 45 x 102m = 45 cm 
ones a 
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Competency Based Questions 


+ Multiple Choice Questions (MCQs) (a) gipic conductors 


(b) non-ohmic conductors 






1 






ty 


ILI 
C 





1. A charge is moving across a junction, then 


c) insulators v 
(a) momentum will be conserved. . superconductors 
(b) momentum will not be conserved. 
(c) at some places momentum will be conserved [Ans. (b) 


and at some other places momentum will not 


hawoncened. 4. Which of the following is correct for V-I graph 


(d) none of these of a good conductor? 


[Ans. (d) y 





2. Which of the following I-V graph represents 
ohmic conductors? 


i I 
I I 
(a) (b) V V 
7 l > ý (c) (d) 
I I 
I I 
(c) (d) [Ans. (a) 
O V O y 


(b) 


Lurrent Electr 


5. The resistivity of alloy manganin is 
(a) Nearly independent of temperature. 
Aasa (b) Increases rapidly with increase in temperature 


c) Decreases with increase in temperature. 
3. The I-V characteristics shown in figure (c) P 


represents 
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(d) Increases rapidly with decrease in 
temperature. [Ans. (a) 
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6. An electric heater is connected to the voltage 


10. 


11. 


Id 


supply. After few seconds, current gets its 
steady value then its initial current will be 

(a) equal to its steady current. 

(b) slightly higher than its steady current. 

(c) slightly less than its steady current. 


(d) zero [Ans. (b) 


. In the series combination of two or more than 


two resistances 

(a) the current through each resistance is same. 

(b) the voltage through each resistance is same. 

(c) neither current nor voltage through each 
resistance is same. 

(d) both current and voltage through each 
resistance are same. [Ans. (a) 


. Combine three resistors 5 Q, 4.5 © and 3 Q 


in such a way that the total resistance of this 
combination is maximum 
(a) 12.5 Q (b) 13.50 


(c) 14.5 Q (d) 16.5 Q [Ans. (a) 


. A cell having an emf £ and internal resistance r 
is connected across a variable external resistance 
R. As the resistance R is increased, the plot of 
potential difference V across R is given by 





R 
[Ans. (b) 
In parallel combination of n cells, we obtain 





(a) more voltage (b) more current 


(c) less voltage (d) less current [Ans. (b) 


If n cells each of emf e and internal resistance 
r are connected in parallel, then the total emf 
and internal resistance will be 


(a) e, £ (b) snr 


(d) ns,- (d) ne, nr [Ans. (a) 


In a wheatstone bridge if the battery and 
galvanometer are interchanged then the 
deflection in galvanometer will 


(a) change in previous direction 


(b) change in opposite direction 


Q 
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13. 


14. 


15. 


Competency Based Questions = C-15 


(c) not change 

[Ans. (c) 
When a metal conductor connected to left gap 
of a meter bridge is heated, the balancing point 
(a) shifts towards right 

(b) shifts towards left 

(c) remains unchanged 


(d) none of these. 


[Ans. (b) 
In a potentiometer of 10 wires, the balance point 
is obtained on the 7 wire. To shift the balance 
point to 9th wire, we should 

(a) decrease resistance in the main circuit. 


(d) remains at zero 


(b) increase resistance in the main circuit. 
(c) decrease resistance in series with the cell 
whose emf is to be measured. 


(d) increase resistance in series with the cell 
whose emf is to be determined. [Ans. (d) 


AB is a wire of potentiometer with the increase 
in the value of resistance R, the shift in the 
balance point J will be 


€ R 
— — | 
A J B 
|G) 
(a) towards B 
(b) towards A 
(c) remains constant 


(d) first towards B then back towards A. 
[Ans. (a) 











+ Assertion-Reason Questions 


DIRECTION: Read the two statements Assertion (A) 
and Reason (R) carefully to mark the correct option 
out of the options given below: 

(a) Assertion (A) and Reason (R) both are correct 


statements and Reason is correct explanation for 


Assertion. 


(b) Assertion (A) and Reason (R) both are correct 


statements but Reason is not correct explanation 
for Assertion. 


(c) Assertion (A) is correct statement but Reason (R) 


is wrong statement. 


(d) Assertion (A) is wrong statement but Reason (R) 


1. 


Ans. 


is correct statement. 


Assertion: The drift velocity of electrons in a 
metallic wire will decrease, if the temperature of 
the wire is increased. 

Reason: On increasing temperature, conductance 
of metallic wire decrease. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for Assertion. 
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Ans. 


Ans. 


. Assertion: 


On increasing temperature of wire the kinetic energy of free 
electrons increase and so they collide more rapidly with each 
other and hence their drift velocity decreases. Also when 
temperature increases, resistance increase and resistance is 
inversely proportional to conductivity of material. 
Chemical reactions involved in 
primary cells are irreversible and in secondary 
cells are reversible. 

Reason: Primary cells can be recharged, but 
secondary cells cannot be recharged. 

(c) Assertion is correct statement but reason is 
wrong statement. 

Primary cells cannot be recharged because they involve 
irreversible reactions. Secondary cells can be recharged 
because they involve reversible reactions. 


. Assertion: It the length of the conductor is 


doubled, the drift velocity will become half of 
the original value (keeping potential) difference 
unchanged). 

Reason: At constant potential difference, drift 
velocity is inversely proportional to the length of 
the conductor. 

(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 
for Assertion. 

eE 


ren | 


As we know, Drift velocity of free electrons, V4 = — 


eV Potential difference V 
n Vy = ml T ...[Where, E= length = ¥ 
Vax I 


Ans. 


Ans. 


Therefore if l is double, the drift velocity will become half of 
the original value. 


. Assertion: Material used in the construction of a 


standard resistance is constantan or manganin. 
Reason: Temperature coefficient of constantan is 
very small. 

(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 
for Assertion. 

These alloys (Constanan or manganin) are used for making 
standard resistance because they possess high resistivity and 
low temperature coefficient of resistance. 


. Assertion: The 200 W bulbs glows with more 


brightness than 100 W bulbs. 

Reason: A 100 watt bulb has more resistance 
than a 200 W bulb. 

(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 


for Assertion. 2 
As we know, Resistance, R = P’ 
R œ 1/P 


as higher is the wattage of a bulb, lesser used is the resistance 
and so it will glow bright. 


. Assertion: Fuse wire must have high resistance 


and low melting point. 
Reason: Fuse is used for small current flow only. 
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Ans. 


Ans. 


Ans. 


Ans. 


10. 


Ans. 


(c) Assertion is correct statement but Reason is 
wrong statement. 
Fuse wire must have high resistance because in series 
current remains same. Therefore according to Joule’s law 

3 
H= = , heat produced is high if R is high. The melting 
point must be low so that wire may melt with increase in 
temperature. As a current equal to maximum safe value 
flows through the fuse wire it heat up, melt and breaks the 
circuii. 


. Assertion: Two electric bulbs of 30 Watt and 100 


watt are given. When connected in series 50 watt 
bulb glows more but when connected in parallel 
100 watt bulb glows more. 

Reason: In series combination, power is directly 
proportional to the resistance of circuit. But 
in parallel combination, power is inversely 
proportional to the resistance of the circuit. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

Resistance of 50 watt bulb is two times the resistance of 100 
watt bulb. When bulbs are connected in series, 50 watt bulb 
will glow more as P = P R (current remains same in series). 
In parallel, the 100 watt bulb will glow more as P = V? /R 
(potential difference remain same in parallel). 


. Assertion: It is advantageous to transmit electric 


power at high voltage. 

Reason: High voltage implies high current. 

(c) Assertion is true statement but Reason is 
wrong statement. 

As P = Vi, hence for the transmission of same power, high 
voltage implies less current. Therefore heat energy loses 
(H =i? Rt/ 4.2) are minimized if power is transmitted at 
high voltage. 


. Assertion: Though the same current flows 


through the line wires and the filament of the 
bulb but heat produced in the filament is much 
higher than that in line wires. 

Reason: The filament of bulbs is made of a material 
of high resistance and high melting point. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for Assertion. 


As filament of bulb and line wire are in series hence current 
i°Rt 
42 
of the filament of the bulb is much higher than that of live 
wries, hence heat produced in the filament is much higher 
than that in line wries. 

Assertion: The current in a wire is due to flow of 
free electrons in a definite direction. 

Reason: A current carrying wire should have 
non-zero charge. 

(c) Assertion is true statement but Reason is 
wrong statement. 


through both is same. Now because H = and resistance 
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The current in a wire is due to flow of free electrons in a 
definite direction. But the number of protons in the wire 
any instant is equal to number of electrons and charge on 
electrons is equal an opposite to that of proton. Hence, net 
charge on the wire is zero. 


+ Case Based Questions 


1. 


Read the para given below and answer the 
questions that follow: 


The flow of charge in a particular direction 
constitutes the electric current. Current is 
measured in Ampere. Quantitatively, electric 
current in a conductor across an area held flowing 
across that area per unit time. Current density at 
a point in a conductor is the ratio of the current 
at that point in the conductor to the area of cross 
section of the conductor of that point. The given 
figure shows a steady current flows in a metallic 
conductor of non uniform cross section. Current 
density depends inversely on area, so, here J, >J> 
as A, < A». 


<< ( 


(i) What is the current flowing through a conductor, 


if one million electrons are crossing in one 
millisecond through a cross-section of it? 

(a) 2.5 x 10-1? A (b) 1.6 x 10-719 A 

(c) 7.5 x 10° A (d) 8.2 x 107" A 


Ans. (b) 1.6 x 1071? A 
q = 10° x 1.6 x101? C = 1.6 x 10-8 C 
t=10 s 
1=1=16*10" 16x100 A 
t 10° 
(ii) SI unit of electric current is 
(a) Cs (b) Ns? 
(c) Cs" (d) Cts" 
Ans. (c) Cs7! 


(iii) A steady current flows in a metallic conductor 


Ans. 


of non-uniform cross-section. Which of these 
quantities is constant along the conductor? 

(a) Electric field (b) Drift velocity 

(c) Current (d) Current density 

(c) Current 

The current flowing through a conductor of non-uniform 
cross-section, remain same in the whole of the conductor. 


(tv) A constant current I is flowing along the length 


of a conductor of variable cross-section as 
shown in the figure. The quantity which does 
not depend upon the area of cross-section is 
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Ans. 


Competency Based Questions = C-17 


(a) electron density 
(c) drift velocity 
(a) electron density 
When a constant current is flowing through a conductor of 
non-uniform cross-section, electron density does not depend 
upon the area of cross section, while current density, drift 
velocity and electric field all vary inversely with area of 
cross-section. 


(b) current density 
(d) electric field 


(v) When a current of 40 A flows through a conductor 


Ans. 


(i) Capacity can be 


of area 10 m°, then the current density is 


(a) 4 A/m? (b) 1 A/m? 
(c) 2 A/m? (d) 8 A/m? 
(a) 4 A/m? 
Given, I = 40 A ; A = 10 m? 

40 
Current density, ]= 7 = p = 4A/m? 


. Read the para given below and answer the 


questions that follow: 


If two or more capacitors are connected in series, 
the overall effect is that of a single (equivalent) 
capacitor having the sum total of the plate 
spacing of the individual capacitors. If two 
or more capacitors are connected in parallel, 
the overall effect is that of a single equivalent 
capacitor having the sum total of the plate areas 
of the individual capacitors 





4 
4 
F 
4 
+ Q -Q 
4 z Q -Q 
+ Z + = 
+ + = p 
a = _ 
JOE F 
+ ' Cy ~ C, 
j 


(b) 


Series Combination 





a E 
(a) 
Parallel Combination 
increased by connecting 


capacitors in: 
(a) Parallel 


(b) Series 
(c) Both (a) and (b) 
(d) None the these 


Ans. (a) Parallel 
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(ii) Three capacitors having a capacitance equal to 


Ans. 


2F, 4F and 6F are connected in parallel. Calculate 
the effective parallel capacitance: 


(a) 10 F (b) 11 F 
(c) 12 F (d) 13 F 
(c) 12 F 


When capacitors are connected in parallel, the total 
capacitance is equal to the sum of capacitance of each of the 
capacitor. 


n C=C +C, +C =2F + 4F + 6F = 12F 
(iii) When capacitors are connected in the series 


Ans. 


TEET remains the same. 

(a) Voltage (b) Capacitance 
(c) Charge 
(c) Charge 


(d) Resistance 


(iv) The plates of a parallel plate capacitor are 10 


Ans. 


cm apart and have an area equal to 2m?. If the 

charge on each plate is 8.85 x 10-10 C the electric 

field at a point 

(a) between the plates will be zero. 

(b) outside the plates will be zero. 

(c) between the plates will change from point to 
point. 

(d) between the plates will be 25NC - 125NCI. 

(b) outside the plates will be zero. 


(v) Four 10F capacitors are connected in series the 


Ans. 


equivalent capacitance is 


(a) 1.5 F (b) 2.5 F 
(c) 3.5 F (d) 4.5 F 
(b) 2.5 F 


. Read the para given below and answer the 


questions that follow: 


According to Ohm’s law, the current flowing 
through a conductor is directly proportional to 
the potential difference across the ends of the 


conductor i.e., | xV => V= R, where R is resistan- 


ce of the conductor. Electrical resistance of 
a conductor is the obstruction posed by the 
conductor to the flow of electric current through 
it. It depend upon length, area of cross-section 
nature of material and temperature of the 


; l l 
conductor. We can write, R œ aq oF R=p A 


where p is electrical resistivity of the material of 
the conductor. 


(i) Dimensions of electric resistance is 


(a) [ML2 T-2 A2] 
(b) [ML2 T- A-2] 
(c) [MI L-2 T- A] 
(d) [M L2 T2 A-1] 


Ans. (b) [ML? T- A-3 


Q 
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(ii) If 1 uA current flows through a conductor when 


Ans. 


potential difference of 2 volt is applied across 
its ends, then the resistance of the conductor 
is 


(a) 2 x 10°Q (b) 3x 10°Q 
(c) 1.5 x 10°Q (d) 5x 1079 
(a) 2 x 10°Q 
V_ 2 
= go a 10° Q 


(iii) Specific resistance of a wire depends upon 


Ans. 


(a) length 
(c) mass 
(d) none of these 


(b) cross-sectional area 
(d) none of these 


Specific resistance of a wire depends upon the nature of 
material and is independent of mass and dimensions of the 
material. 


(iv) The slope of the graph between potential 


Ans. 


difference and current through a conductor is 
(a) a straight line 

(b) cure 

(c) first curve then straight line 

(d) first straight line then curve 

(a) a straight line 


(v) The resistivity of the material of a wire 1.0 m 


Ans. 


long, 0.4 mm in diameter and having a resistance 
of 2.0 ohm is 

(a) 1.57 x 10° Q m 

(b) 5.25 x 1077 Q m 

(c) 7.12 x 10° Q m 

(d) 2.55 x 1077 Q m 

(d) 2.55 x 1077 Q m 

Given. 1 = 1.0 m; D = 0.4 mm = 4 x 10-4 m 

K=20 


nD? _ nx(4x10*) 


7 7 = 4n x 10- m? 


A= 


-8 
Now, p = MP = 2.55 x 107 Q m 


. Read the para given below and answer the 


questions that follow: 


Temperature Dependance of Resistivity. The of a 
conductor at temperature f°C is given by R; = Ro 
(1 + at) where R; is the resistance at t°C and a is 
the characteristics constants of the material of the 
conductor. Over a limited range of temperatures, 
that is not too large. The resistivity of a metallic 
conductor is approximately given by p, = pọ (1 
+ at) where a is the temperature coefficient of 
resistivity. Its unit is K-! or °C-!. For metals, a 
is positive i.e., resistance increases with rise in 
temperature. For insulators and semiconductors, 
a is negative i.e., resistance decreases with rise in 
temperature. 
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(i) 


Ans. 
(ii) 


Ans. 


(iii) 


Ans. 


UUL yy 


E — 

= ao 

= 10.2 3 

E~ H 

= 2 1.10 

= Ey 

2 S 

k2 B 

F pE 

Z 0 50 100 150 2 200 400 600 800 


Temperature T (K) 
Resistance py of copper as 
a function of temperature T 


P 


Temperature T (K) 
Resistance py of copper as a 
function of temperature T 


Temperature dependence of the 
resistance of a typical semiconductor 


Fractional increase in resistivity per unit 
increase in temperature is defined as 

(a) resistivity 

(b) temperature coefficient of resistivity 

(c) conductivity 

(d) drift velocity 

(b) temperature coefficient of resistivity 

The material whose resistivity is insensitive to 
temperature is 
(a) silicon (b) copper 
(c) silver (d) nichrome 

(d) nichrome 

Nichrome (which is an alloy of nickel, iron and chromium) 
exhibits a very weak dependence of resistivity with 
temperature. 

The temperature coefficient of the resistance of a 
wire is 0.00125 per°C. At 300 K its resistance is 1 
ohm. The resistance of wire will be 2 ohms at 


(a) 1154 K (b) 1100 K 
(c) 1400 K (d) 1127 K 
(d) 1127 K 
Using, Rr = Ro (1 + aT) 
_ Bn Raton) 2__ (1+ aT) 
© Rr, Ry(1+ aT;) 1 (1+ ax300) 
2 +a x 600 = 1 + aT, 
1 
1 = a (T, - 600) => 0.00125 ~ (T, - 600) 
800°C = T, - 600 
T, = 800 - 273 + 600 
. Ty) =1127K 
The temperature coefficient of resistance of an 


(iv) 


Ans. 


alloy used for making resistors is 


(a) small and positive (b) small and negative 
(c) large and positive (d) large and negative 


(a) small and positive 
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Competency Based Questions = C-19 


(v) For a metallic wire, the ratio V/I (V = applied 


Ans. 


(i) To draw the maximum 


potential difference and I = current flowing) is 

(a) independent of temperature 

(b) increases as the temperature rises 

(c) decreases as the temperature rises 

(d) increases or decreases as temperature rises 
depending upon the metal 

(b) increases as the temperature rises 


Resistance of a metallic wire at temperature C, R, = Ro 
(1 + at), where a is the temperature coefficient of resistance 
and Rg is the resistance of a wire at 0°C. For metals a is 
positive. Hence, resistance of a wire increases with increase 
in temperature. 


. Read the para given below and answer the 


questions that follow: 


Grouping of Cells. A single cell provides a 
feeble current. In order to get a higher current 
in a circuit, we often use a combination of cells. 
A combination of cells is called a battery. Cells 
can be joined in series, parallel or in mixed 
way. Two cells are said to be connected in series 
when negative terminal of one cell is connected 
to positive terminal of the other cell and so on. 
Two cells are said to be connected in parallel if 
positive terminal of each cell is connected to one 
point and negative terminal of each cell connected 
to the other point. In mixed grouping of cells, a 
certains number of identical cells are joined in 
series, and all such rows are then connected in 
parallel with each other. 





current form a 

combination of cells, how should the cells be 

grouped? 

(a) Parallel 

(b) Series 

(c) Mixed grouping 

(d) Depends upon the relatives values of internal 
and external resistances 


Ans. (d) Depends upon the relatives values of internal 


and external resistances 


(ii) The total emf of the cells when n identical cells 


each of emf £ are connected in parallel is 


WW.JEEBOOKS.IN 


CGASVd AJNALIAGNOD 


icity 


Lurrent Electr 


c-20 = Shiv Das Chapterwise Question Bank (Physics XII) 


Ans. 


(a) ne (b) ne 
(© e (d) — 
(0) e 


For parallel combination of n cells, €} = e. 


(iii) 4 cells each of emf 2 V and internal resistance of 


Ans. 


1 Q are connected in parallel to a load resistor of 
2 Q . Then the current through the load resistor is 


(a) 2A (b) 15 A 
(c) 1A (d) 0.888 A 
(d) 0.888 A 
Given. m, number of cells = 4, E =2 V, R=2 Qr=1Q 
E 
As we know, I = et 
_ 8 _8_ 
I= z341 g~ 0.888 A 


(iv) If two cells out of n number of cells each of 


Ans. 


internal resistance ‘r are wrongly connected in 
series, then total resistance of the cell is 


(a) 2nr (b) nr - 4r 
(c) nr (d) r 
(b) nr - 4r 


(v) Two identical non-ideal batteries are connected 


I. 


II. 


in parallel. Consider the following statements. 
The equivalent emf is smaller than either of the 
two emfs. 

The equivalent internal resistance is smaller 
than either of the two internal resistances. 

(a) Both I and II are correct. 

(b) I is correct but II is wrong. 

(c) II is correct but I is wrong. 

(d) Both I and II are wrong. 
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Ans. 


(c) II is correct but I is wrong. 
Let two cells of emf’s £1 and £, and of internal resistance r] 
and r, respectively are connected in parallel. 


& 1 
&9 r2 
Ton oaen €12 + €21 : 
quivalent emf, €e = +h (1) 
1 1,1 
Equivalent internal resistance, ~~~ ~ a 
feg 1 r 
oT] a 
=> tog = +n (ii) 


As we assume, two cells connected in parallel of same 


emf & and same internal resistance, r. 


er + sr 





From equation (i), we get, &g = = € 
. ee r’ r 
From equation (ii), we get, teg = 77,77 


(vi) What will be the grouping of cells when the 


Ans. 


gis 


TE EE a. M 
current in the circuit 1S R} pr’ 
(a) Parallel (b) Series 
(c) Mixed (d) No grouping 
(b) Series 
Equivalent Internal Resistance in series = nr 
Equivalent emf in series = neg 
Total Resistence = R + ne 


ne 
R+nr 
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Chapter: Four 


Moving Lharges 
And Magnetism 





nearby to a straight wire carrying current, then 

(I) the straight wire cause a noticeable deflection 
in the compass needle. 

(II) the alignment of the needle is tangential to 
an imaginary circle with straight wire as its 
centre and has a plane perpendicular to the 
wire. 

(a) (I) is correct 

(b) (II) is correct 

(c) both (I) and (II) are correct 

(d) neither (I) nor (II) is correct [Ans. (c) 

. Astrong magnetic field is applied on a stationary 

electron. Then the electron 

(a) moves in the direction of the field. 

(b) remained stationary. 

(c) moves perpendicular to the direction of the 
field. 

(d) moves opposite to the direction of the field. 

[Ans. (b) 

. In an inertial frame of reference, the magnetic 

force on a moving charged particle is F. Its 

value in another inertial frame of reference will 
be 

(a) remained same 

(b) changed due to change in the amount of 
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©. Sed 
Competency Based Questions 


+ Multiple Choice Questions (MCQs) 


1. When a magnetic compass needle is carried 





charge 
(c) changed due to change in velocity of charged 
particle 
(d) changed due to change in field direction 
[Ans. (c) 


4. Which one of the following is correct statement 


about magnetic forces? 

(a) Magnetic forces always obey Newton’s third 
law. 

(b) Magnetic forces do not obey Newton’s third 
law. 

(c) For very high current, magnetic forces obey 
Newton’s third law. 

(d) Inside low magnetic field, magnetic forces 
obey Newton’s third law. [Ans. (b) 


. A charged particle is moving on circular path 


with velocity v in a uniform magnetic field B, if 
the velocity of the charged particle is doubled 
and strength of magnetic field is halved, then 
radius becomes 
(a) 8 times 
(c) 2 times 


(b) 4 times 


(d) 16 times [Ans. (b) 


. Two a-particles have the ratio of their velocities 


as 3 : 2 on entering the field. If they move in 
different circular paths, then the ratio of the 
radii of their paths is 
(a) 2:3 
(c) 9:4 


(b) 3:2 


(d) 4:9 [Ans. (b) 


nau RDacad Niractianc = P_9A 


compa WW.JEEBOOKS.IN 


CG4ASVd AJNALIAGNOG 


c-22 = Shiv Das Chapterwise Question Bank (Physics XII) 


7. A charged particle is moving in a cyclotron, 
what effect on the radius of path of this charged 
particle will occur when the frequency of the 
ratio frequency field is doubled? 

(a) It will also be doubled. 

(b) It will be halved. 

(c) It will be increased by four times. 

(d) It will remain unchanged. [Ans. (d) 

8. Which of the following is not correct about 
cyclotron? 

(a) It is a machine to accelerate charged particles 
or ions to high energies. 

(b) Cyclotron uses both electric and magnetic 
fields in combination to increase the energy 
of charged particles. 

(c) The operation of the cyclotron is based on the 
fact that the time for one revolution of an ion 
is independent of its speed or radius of its 


orbit. 
(d) The charged particles and ions in cyclotron 
can move on any arbitrary path. [Ans. (d) 


9. If an electron is moving with velocity v 


produces a magnetic field B, then 


(a) the direction of field B will be same as the 
direction of velocity 7%. 


(b) the direction of field B will be opposite to 
the direction of velocity 7. 


(c) the direction of field B will be perpendicular 
to the direction of velocity 7%. 


(d) the direction of field B does not depend 
upon the direction of velocity 7.  [Ans. (c) 


pd 
© 


. Current flows through uniform, square frames as 
shown in the figure. In which case is the magnetic 
field at the centre of the frame not zero? 


nie 
Ly Lt 


[Ans. (c) 


Moving Gharges And Magnetism 


11. Ampere’s circuital law is given by 
> > > > 
(a) ¢H.dl = Molene (b) $B.dl = Molene 


(c) §B.dl = puo (d) $Hudl = ud) 
[Ans. (b) 
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12. 


13. 


14. 


15. 


16. 


17. 


Two identical current carrying coaxial loops, 
carry current I in opposite sense. A simple 
amperian loop passes through both of them 
once. Calling the loop as C, then which 
statement is correct? 


> > 

(a) $B.dl = + 2p 

(b) the value of $B.di is independent of sense of 
C. E 


(c) there may be a point on C where B and dl are 
parallel. 


(d) none of these [Ans. (b) 
The correct plot of the magnitude of magnetic 


— 
field B vs distance r from centre of the wire is, 
if the radius of wire is R 








o ivan A 





[Ans. (b) 
The nature of parallel and anti-parallel currents 
are 
(a) parallel currents repel and anti-parallel 
currents attract. 
(b) parallel currents attract and anti-parallel 
currents repel. 
(c) both currents attract. 
(d) both currents repel. [Ans. (b) 


The magnetic moment of a current I carrying 
circular coil of radius r and number of turns N 
varies as 


ai bt Or Ar 


[Ans. (d) 
A short bar magnet has a magnetic moment of 
0.65 J T, then the magnitude and direction of 
the magnetic field produced by the magnet at a 
distance 8 cm from the centre of magnet on the 
axis 1S 
(a) 2.5 x 10+ T, along NS direction 
(b) 2.5 x 10-4 T, along SN direction 
(c) 4.5 x 10-4 T, along NS direction 
(d) 4.5 x 10-4 T, along SN direction [Ans. (b) 
A current carrying loop is placed in a uniform 
magnetic field. The torque acting on it does not 
depend upon 
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19. 


20. 


(b) value of current 
(d) None of these 

[Ans. (d) 
In a moving coil galvanometer the deflection (ọ) 
on the scale by a pointer attached to the spring is 


oS oG) 


(a) area of loop 
(c) magnetic field 


kAB 

(c) (NAB) I (d) (NAB) [Ans. (c) 
k kI 

A moving coil galvanometer can be converted 


into an ammeter by 

(a) introducing a shunt resistance of large value 
in series. 

(b) introducing a shunt resistance of small value 
in parallel. 

(c) introducing a resistance of small value in 


series. 
(d) introducing a resistance of large value in 
parallel. [Ans. (b) 


The conversion of a moving coil galvanometer 

into a voltmeter is done by 

(a) introducing a resistance of large value in 
series. 

(b) introducing a resistance of small value in 
parallel. 

(c) introducing a resistance of large value in 
parallel. 

(d) introducing a resistance of small value in 
series. [Ans. (a) 


+ Assertion-Reason Questions 


DIRECTION: Read the two statements Assertion (A) 
and Reason (R) carefully to mark the correct option 
out of the options given below: 

(a) Assertion and Reason both are correct statements 


and Reason is correct explanation for Assertion. 


(b) Assertion and Reason both are correct statements 


but Reason is not correct explanation for 
assertion. 


(c) Assertion is correct statement but Reason is 


wrong statement. 


(d) Assertion is wrong statement but reason is correct 


1. 


Ans. 


statement. 


Assertion: Magnetic field lines can be entirely 
confined within the core of a toroid, but not 
within a straight solenoid. 

Reason: The magnetic field inside the solenoid is 
uniform. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Magnetic field lines can be entirely confined to the core of a 
toroid because toroid has no ends. It can confined the within 
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Ans. 


Ans. 


Ans. 


Ans. 


Competency Based Questions = C-23 


its core. A straight solenoid has two ends. If the field entire 
flux were confined between these ends, the flux throughout 
the cross-section at each end would be non-zero 


. Assertion: A spark occurs between the pole of 


the switch when the switch is opened. 

Reason: Current flowing in the conductor 
produces magnetic field. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

According to lenz’s law, induced emf are in a direction 
such as to attempt to maintain the original magnetic 
flux when a change occurs. When the switch is opened, 
the sudden drop in the magnetic field in the circuit 
induces an emf in direction that attempts to keep the 
original current flowing. This can cause a spark as the 
current bridges the air gap between the poles of the 
switch. 


. Assertion: When a charged particle moves 


perpendicular to magnetic field then its kinetic 
energy and momentum gets affected. 

Reason: Force changes velocity of charged 
particle. 

(d) Assertion is false statement but reason is 
correct statement. 

When a charged particle moves perpendicular to magnetic 
field, it experiences a force which changes the direction of 
motion of the particle without changing the magnitude 
of velocity of the particle. Hence kinetic energy remains 
constant but momentum of electron changes. 


. Assertion: When two long parallel wires, hanging 


freely are connected in parallel to a battery, they 
come closer to each other. 

Reason: Wires carrying current in opposite 
direction repel each other. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

The wries are parallel to each other but the direction of 
current in it is in same direction so they attract each other. 
If the current in the wries is in opposite direction then 
wries repel each other. When the currents are in opposite 
directions, the magnetic forces are reversed and the wries 
repels each other. 


. Assertion: A solenoid tends to expand, when a 


current passes through it. 

Reason: Two straight parallel metallic wires 
carrying current in same direction attract each 
other. 

(d) Assertion is wrong statement but reason is 
correct statement. 

When current flows through a solenoid, the currents in the 
various turns of the solenoid are parallel and in the same 
direction. Since the currents flowing through parallel wires 
in the same direction lead to force of attraction between 
them, the turns of the solenoid will also attract each other 
and as a result, the solenoid tends to contract. 
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6. 


Ans. 


> 
= 
z 


> 
=. 
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10. 


Ans. 


Ans. 


Assertion: When force is zero, the charged 
particle follows linear path. 

Reason: A charged particle enters in a uniform 
magnetic field, whose velocity makes an angle 0 
with magnetic field will cover a linear path. 

(c) Assertion is correct statement but reason is 
false statement. 

When charged particle enters the uniform filed they makes 
angle O with the field. Then its path is decided by combined 
effect of two component of velocity. (v cos 9) parallel to the 
field. Due to the parallel field the charge will follow a linear 
path and due to the perpendicular component (v sin 0) of 
the field will be circular. This results in a helical path whose 
axis is parallel to the component of the field. 


. Assertion: An electron and proton enters a 


magnetic field with equal velocities, then the 
force experienced by proton will be more than 
electron. 

Reason: The mass of proton is 1837 times more 
than the mass of electron. 

(d) Assertion is wrong statement but reason is 
correct statement. 

The force experienced by a charge particle in a magnetic field 
is given by, F- gox B) 

which is independent of mass. As q, v and B are same for 


both the electron and proton, hence both will experience 
same force. 


. Assertion: When a magnetic dipole is placed in 


a non uniform magnetic field, only a torque acts 
on the dipole. 

Reason: Force would act on dipole if magnetic 
field is uniform. 


. (d) Assertion is wrong statement but reason is 


correct statement. 

In a non-uniform magnetic field, a torque and a net force 
both act on the dipole. If magnetic field is uniform, net force 
on dipole would be zero. 


. Assertion: An ammeter is a connected in series in 


the circuit. 
Reason: An ammeter is a high resistance 
galvanometer. 


. (c) Assertion is correct statement but reason is 


wrong statement. 

An ammeter is a low resistance galvanometer. It is used to 
measure the current in amperes. To measure the current of 
a circuit, the ammeter is connected in series in the circuit so 
that the current to be measured must pass through it. 
Assertion: The magnetic field at the centre of 
circular coil carrying current changes, if the 
current through the coil is doubled. 

Reason: The magnetic field intensity is dependent 
on current in conductor. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 
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The magnetic field at the centre of circular coil is given by. 
Ho 2nnl 
“4n a 
So if current through coil is double then magnetic field is B’ 
= 2B. 
The magnetic field also get doubled. The magnetic field is 
directly proportional to the current in conductor. 





+ Case Based Questions 


1. Read the para given below and answer the 


questions that follow: 
The force experienced by a particle of charge q 


moving with a velocity v given by Tey [vx B] 
which is perpendicular to Both v and B. Since 


p is perpendicular to v, no work is done on the 


charged particle moving in a uniform magnetic 
field. If v is perpendicular to B, the charged 
particle follows a circular path whose radius is 


iven by r=— 
8 y JB ` 
The frequency of revolution of the particle along 
B 
the circular path is given by v = | . 


(i) A proton and an alpha particle are projected 


perpendicular to a uniform magnetic field with 
equal velocities. The mass of an alpha particle 
is 4 times that of a proton and its charge is twice 
that of a proton. If the r, andr, are the radii of 


r 
their circular path, then the ratio P is. 


1 1 l 
(a) 75 (b) 5 
(c) 1 (d) J2 


Ans. (b) 5 


Given. Ma = 4My Va = Vy Io. = 24y Ba = Bp 


mv 
As we know r = — 








qB 
mV 
„i MB Ay _ 20m 1 
ra MY GyMa q, 4m, 2 
4B 
p_i 
h 2 


r 
ee e e e P e e 
(ii) In (i) part, what is the ratio r, if the two parti- 


cles have equal kinetic energies before entering 
the region of the magnetic field. 


wmi o1 ()2 A4 


Ans. (b) 1 
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Given. KE, = KE, 





m J 2mK 
ee ...Where[mv = N2mK 
gB qB 
2m, K 











1a B 

2 m 
s te en e 

Jp 4m, 


(iii) In (i) part, what is the ratio 5 if two particles 
have equal linear moments before entering the 
region of the magnetic field. 

(a) 1 (b) v2 

(c) 2 (d) 2/2 

(c) 2 


Given. (mv), = 


Ans. 








(iv) In (i) part, what is the is the ratio if two 
particles are accelerated through the same 
potential difference before entering the region 
of the magnetic field. 


(a) 1/42 (b) 1 
(c) V2 (d) 2 
(a) 1/V2 


Given. Vy = V 


V2mKk 


= ..WherelK = qv 


1 /2mqv 1 /2mv 
BY q «BY q 
1 2m, v 
a y 
4m m, 


(v) “Ne of the following in motion cannot be 
deflected by magnetic field? 


Ans. 


P 











‘if 











= 
= 
= 





(a) Protons (b) Beta particles 


(d) Neutrons 


(c) Alpha particles 
Ans. (d) Neutrons 


Q 
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2. Read the para given below and answer the 
questions that follow: 


Helical Motion. The path of a charged particle 
in magnetic field depends upon angle between 
velocity and magnetic field. If velocity | is at 
angle 0 to g , component of velocity parallel 
to magnetic field (v cos 0) remains constant and 
component of velocity perpendicular to magnetic 
field (v sin 0) is responsible for circular motion, 
thus the charge particle moves in a helical path. 


v sin 0 


Helical path 





The plane of the circle is perpendicular to the 
magnetic field and the axis of the helix is parallel 
to the magnetic field. The charged particle moves 
along helical path touching the line parallel to 
the magnetic field passing through the starting 
point after each rotation. 

mv sin 0 

qB 

Hence the resultant path of the charged particle 
will be helix, with its axis along the direction of 





Radius of circular path, r = 


B shown in figure. 

(i) When a positively charged particle enters into 
a uniform magnetic field with uniform velocity, 
its trajectory can be (I) a straight line (II) a circle 
(III) a helix. 
(a) (1) only (b) (1) or (il) 

(c) (I) or (M) 
(d) any one of (I), (ID) and (IID) 
Ans. (d) any one of (1), (II) and (IID) 
(ii) Two charged particles A and B having the same 
charge, mass and speed enter into a magnetic 
field in such a way that initial path of A makes 
an angle of 30° and that of B makes an angle of 
90° with the field. Then the trajectory of 
(a) B will have smaller radius of curvature than 
that of A 

(b) both will have the same curvature 

(c) A will have smaller radius of curvature than 
that of B 

(d) both will move along the direction of their 
original velocities. 
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Ans. 


(a) B will have smaller radius of curvature than 
that of A 


mv" 


Using, qv sin 0 = FS 


ro — for the same values of m, v, q and B 
sin 


ra _ sin9O° | 
fg sin30° 
s Fa = Zi or rp < TA 


(iii) An electron having momentum 2.4 x 10-7? kg 


ISM 


Charges And Magneti 


Moving 


Ans. 


Ans. 


m/s enters a region of uniform magnetic field 
of 0.15 T. The field vector makes an angle of 30° 
with initial velocity vector of the electron. The 
radius of the helical path of the electron in the 
field shall be 


(a) 2mm (b) 1 mm 
(c) id _ (d) 0.5 mm 
(d) 0.5 mm 


qB eB (1.6x10” C)x0.15T 


= 5 x 10- m = 0.5 x 10° m = 0.5 mm 


(iv) The magnetic field in a certain region of space 


=> A 
is given by B=8.35*x107i T. A proton is shot 


into the field with velocity v =(2*10° 1+4*10° j) 
m/s. The proton follows a helical path in the 
field. The distance moved by proton in the 
x-direction during the period of one revolution 
in the yz-plane will be 


(a) 0.053 m (b) 0.136 m 
7 0.157 m (d) 0.236 m 
. (d) 0.157 m 


Given, B =8.35 x102 ? T, v=(2x10 i+4x10°})m/s, 
m=1.67 x10” kg 
2TMV| 

gB 


2x3.14x1.67 x107 x2x10° 


= 76x10 x8.35x102. ~ 0197m 


Pitch of the helix = 


(v) The frequency of revolution of the particle is 











m qB 2nR 2nR 
(a) qB (b) 24m (c) v cos ® (a) v sin® 
gB 
b) —— 
( ) 24m 
Period of revolution, T = as 
vsin® 
mvsin 9 
2m| ———— 
( qB ami 
> T= - = 
vsin®O qB 
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3. Read the para given below and answer the 


questions that follow: 


Motion of charge in magnetic field. An electron 
with speed vy << c moves in a circle of radius 
rọ in a uniform magnetic field. This electron is 
able to traverse a circular path as magnetic field 
is perpendicular to the velocity of the electron. A 
force acts on the particle perpendicular to both 


v5 and B This force continuously deflects the 
particle sideways without changing its speed and 
the particle will move along a circle perpendicular 
to the field. The time required for one revolution 
of the electron is To. 





q 
(i) If the speed of the electron is now doubled to 2 vp. 


Ans. 


The radius of the circle will change to 


(a) 4ro (b) 21 
(c) ro (d) ro/2 
(c) ro 

AST) = T >r = NOD 2ro 


(ii) If Vy = 2vy, then time required for one revolution 


Ans. 


of the electron will change to 


(a) 41 (b) 2T, 
(c) To (d) To/2 
(c) To 

2mm 
As we know, T = — 

gB 


Thus, it remains same as it is independent of velocity. 


(iii) A charged particles is projected in a magnetic 


Ans. 


=} A A 
filed B =(2i+4j)x10*T. The acceleration of the 


particle is found to be poe (xi +27)ms?: Find 
the value of x. 
(a) 4 ms“ (b) -4 ms-? 
(c) -2 ms (d) -2 ms~? 
(b) -4 ms~2 
As F L b, Hence, a L B 
a B=0 
=> (xi+2j).(2i+4j)=0 > 2x+8=0 »:. x=-4ms7 


(iv) If the given electron has a velocity not 


Ans. 


perpendicular to B, then trajectory of the 
electron is 
(a) straight line 
(c) helical 
(c) helical 


(b) circular 


(d) zig-zag 
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= 
If the charged particle has a velocity not perpendicular to B 
then component of velocity along remains unchanged as the 


motion along the B will not be affected by B. 
Then, the motion of the particle in a plane perpendicular to 


B is as before one. Thereby, producing helical motion. 

If this electron of charge (e) is moving parallel 
to uniform magnetic field with constant velocity 
v, the force acting on the electron is 


(a) Bev (b) È () ŽA zero 
(d) zero 


Force on electron, F = qvB sin 0 
As the electron is moving parallel to B So, 8 = 0° 
=> qgvB sin 0° = 0 


wwe 


(v 


Ans. 


4. Read the para given below and answer the 
questions that follow: 


Biot-Savart Law. A magnetic field can be 
produced by moving, charges or electric currents. 
The basic equation governing the magnetic field 
due to a current distribution is the Biot-Savart 
law. Finding the magnetic field resulting from a 
current distribution involves the vector product, 
and is inherently a calculus problem when the 
distance from the current to the field point is 
continuously changing. According to this law, 
the magnetic field at a point due to a current 


m 
element of length dl carrying current I, at a 


> > 
B 
distance r from the element is dB = No A ia 
TT r 


Biot-Savart law has certain similarities as well as 
difference with Coulomb's law for electrostatic 
field e.g., there is an angle dependence in Biot 
-Savart law which is not present in electrostatic 
case. 


(i) The direction of magnetic field g B due to 


= ‘ ‘ —> 
a current yg at a point of distance from 
it, when a current I passes through a long 


conductor is in the direction 


—> 


(a) of position vector ? of the point 


(b) of current POR J T 


(c) perpendicular to both an and 7i 
(d) perpendicular to dL only 


—> 
Ans. (c) perpendicular to both dL and r 
According to Biot-Savart’s law, the magnetic induction due 


>_ m dl xr 
to a current element, B= ke T) which is perpendi- 


Ei > 
cular to both q] and , 
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(ii) The magnetic field due to a current in a straight 
wire segment of length L at a point on its 
perpendicular bisector at a distance r (r >>L) 


(a) decreases as L 
r 


1 
(b) decreases as = 


= 


x 
o| = 


(c) decreases as 


(d) approaches a finite limit as r — œ 


Ans. (b) decreases as => 
F 


According to Biot-Savart’s law, dB = a = = dBa 


(iii) Two long straight wires are set 
parallel to each other. Each carries a 
current 7 in the same direction 

and the separation between them || 


is 2r. The intensity of the magnetic 
field midway between them is 


(a) ugi/r (b) 4uoi/r 
(c) zero (d) uoi/4r 
Ans. (c) zero 
D a o io 
Ba Qn r 2nr 0 


(tv) A long straight wire carries a current along 
the z-axis for any two points m the x-y plane. 
Which of the following is always false? 

(a) The magnetic fields are equal. 

(b) The directions of the magnetic fields are the 
same. 

(c) The magnitudes of the magnetic fields are 
equal 

(d) The field at one point is opposite to that at 
the other point. 

Ans. (a) The magnetic fields are equal. 

(v) Biot-Savart law can be expressed alternatively 
as 
(a) Coulomb’s Law 
(b) Ampere’s circuital law 
(c) Ohm’s Law 
(d) Gauss’s Law 


Ans. (b) Ampere’s circuital law 


5. Read the para given below and answer the 
questions that follow: 


Moving Coil Galvanometer. Moving coil 
galvanometer operates on Permanent Magnet 
Moving Coil (PMMC) mechanism and was 
designed by the scientist D’arsonval. Moving coil 
galvanometers are two types — (i) Suspended coil 
(11) Pivoted coil types or tangent galvanometer. 
Its working is based on the fact that when a 
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current carrying coil is placed in a magnetic (iii) 
field, it experiences a torque. This torque tends to 

rotate the coil about its axis of suspension in such 

a way that the magnetic flux passing through the 

coil the maximum. 





Coil Soft-iron core 
(i) A moving coil galvanometer is an instrument ae 
which 
(a) is used to measure emf. 
(b) is used to measure potential difference . 
(c) is used to measure resistance. 
(d) is a deflection instrument which gives 
deflection when a current flows through its 


coil. 
Ans. (d) is a deflection instrument which gives (2) 
deflection when a current flows through its 
coil. 
(ii) To make the field radial in a moving coil 
galvanometer 


(a) number of turns coil is kept small 


(c) poles are of very strong magnets 
(d) poles are cylindrically cut 
Ans. (d) poles are cylindrically cut 


Moving Charges And Magnetism 
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Ans. 


Ans. 


(b) magnet is taken in the form of horse-shoe Ans. 


The deflection in a moving coil galvanometer is 

(a) directly proportional to torsional constant of 
spring 

(b) directly proportional to the number of turns 
in the coil 

(c) inversely proportional to the area of the coil 

(d) inversely proportional to the current in the 
coil 

(b) directly proportional to the number of turns 
in the coil 


The Deflection in a moving coil galvanometer, p = NAB | 
k 


ord < N, 


...[where N = number of turns in a coil, 
B = magnetic field and A = area of cross-section. 


In a moving coil galvanometer, having a coil 
of N-turns of area A and carrying current I is 
placed in a radial field of strength B. The torque 
acting on the coil is 


(a) NA2B21 (b) NABI 
(c) NABI (d) NABI 
(d) NABI 


Deflecting torque acting on the coil, Vdeftection = NIAB 

To increase the current sensitivity of a moving 
coil galvanometer, we should decrease 

(a) strength of magnet 

(b) torsional constant of spring 

(c) number of turns in coil 

(d) area of coil 

(b) torsional constant of spring 


Current Sensitivity of galuanometer 2- S; = =e 


Hence to increases (Current Sensitivity) S; (torsional 
constant of spring) k must be decrease. 
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+ Multiple Choice Questions (MCQs) 


1. The primary origin of magnetism lies in 
(a) atomic current and intrinsic spin of electrons. 
(b) polar and non polar nature of molecules. 
(c) pauli exclusion principle. 
(d) electronegative nature of materials. [Ans. (a) 
2. Magnetic moment for solenoid and correspon- 
ding bar magnet is 


(a) equal for both 

(c) more for bar magnet 

(d) none of these [Ans. (a) 
3. Which of the following is correct about magnetic 

monopole? 


(b) more for solenoid 


(a) Magnetic monopole exist. 
(b) Magnetic monopole does not exist. 
(c) Magnetic monopole have constant value of 
monopole momentum. 
(d) The monopole momentum increase due to 
increase at its distance from the field. 
[Ans. (b) 
4. Two identical bar magnets are fixed with their 
centres at a distance d apart. A stationary charge 
Q is placed at P in between the gap of the two 
magnets at a distance D from the centre O as 
shown in the figure. The force on the charge Q is 
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(a) zero 
(b) directed along OP 
(c) directed along PO 


(d) directed perpendicular to the plane of paper 

[Ans. (a) 

5. A current carrying loop is placed in a uniform 

magnetic field in four different orientations as 

shown in figure. Arrange them in the decreasing 
order of potential energy. 


z n 
i on 
FCPS 
© @) © © 
(a) 4, 2,3,1 (b) 1,4,2,3 
(c) 4,3,2,1 (d) 1,2,3,4 [Ans. (b) 
6. Which of the following is not showing the 
essential difference between electrostatic 
shielding by a conducting shell and magneto- 
static shielding? 
(a) Electrostatic field lines can end on charges 
and conductors have free charges. 
(b) Magnetic field lines can end but conductors 
cannot end them. 


(c) Lines of magnetic field cannot end on any 
material and perfect shielding is not possible. 
(d) Shells of high permeability materials can be 
used to divert lines of magnetic field from the 
interior region. [Ans. (b) 


Competfersy Racad Niractianc = f_9QA 


WW.JEEBOOKS.IN 


CGASVd AJNALIAGNOG 


Magnetism and Matter 


C-30 = Shiv Das Chapterwise Question Bank (Physics XII) 


7. The net magnetic flux through any closed 13. Let the magnetic field on earth be modelled by 


surface, kept in a magnetic field is that of a point magnetic dipole at the centre 
M of earth. The angle of dip at a point on the 
(a) zero (b) ra geographical equator is 
. (a) always zero 
(c) 4 up (d) 4uo [Ans. (a) (b) positive, negative or zero 
T (c) unbounded 
8. Point out the correct direction of magnetic field (d) always negative [Ans. (b) 
in the given figures. 14. The angle of dip at a certain place where the 


horizontal and vertical components of the 


è earth’s magnetic field are equal is 
7 (a) 30° (b) 75° 

(a) f (b) O Q (c) 60° (d) 45° [Ans. (d) 
K 15. The vertical component of earth’s magnetic field 
E at a place is /3 times the horizontal component 
|| 
I | 


the value of angle of dip at this place is 


(a) 30° (b) 45° 
(c) 60° (d) 90° [Ans. (c) 
16. At a given place on earth's surface the horizontal 
(o (d) component of earth’s magnetic field is 2 x 10-° 
T and resultant magnetic field is 4 x 10-> T. The 

angle of dip at this place is 

(a) 30° (b) 60° 

[Ans. (d) (c) 90° (d) 45° [Ans. (b) 


17. Which of the following property shows the 


9. The earth behaves as a magnet with magnetic 
property of ferromagnetic substances? 


field pointing approximately from the 


geographic (a) The ferromagnetic property depends on 
(a) North to South temperature. 
(b) South to North (b) The ferromagnetic property does not depend 


on temperature. 


(c) East to West (c) At high enough temperature ferromagnet 


(d) West to East [Ans.(b) becomes a diamagnet. 
10. The strength of the earth’s magnetic field is (d) At low temperature ferromagnet becomes a 
(a) constant everywhere. paramagnet. [Ans.(a) 
(b) zero everywhere. , , 
(c) having very high value. + Assertion-Reason Questions 
(d) vary from place to place on the earths DIRECTION: Read the two statements Assertion (A) 
surface. [Ans. (d) and Reason (R) carefully to mark the correct option 
11. Which of the following iS responsible for the out of the options given below: 
earth’s magnetic field? (a) Assertion and Reason both are correct statements 
(a) Convective currents in earth's core. and Reason is correct explanation for Assertion. 
(b) Diversive current in earth’s core. (b) Assertion and Reason both are correct statements 
(c) Rotational motion of earth. but Reason is not correct explanation for 
(d) Translational motion of earth. [Ans. (a) Assertion. 
12. Which of the following independent quantities (c) Assertion is correct statement but Reason is 
is not used to specify the earth’s magnetic field? wrong statement. 
(a) Magnetic declination (6). (d) Assertion is wrong statement but Reason is 
(b) Magnetic dip (8). correct statement. 
(c) Horizontal component of earth’s field (By). 1. Assertion: Magnetic moment of an atom is due 


to both, the orbital motion and spin motion of 
every electron. 

Reason: A charged particle produces a magnetic 
field. 


(d) Vertical component of earth’s field (By). 
[Ans. (d) 
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Ans. 


Ans. 


Ans. 


Ans. 


(c) Assertion is correct statement but Reason is 
wrong statement. 

In an atom, electrons revolve around the nucleus and as 
such the circular orbits of electrons may be considered as 
the small current loops. In addition to orbital motion, an 
electron has got spin motion also. So the total magnetic 
moment of electrons is the vector sum of its magnetic 
moments due to orbital and spin motion. 


. Assertion: The ends of a magnet suspended 


freely point out always along north south. 
Reason: Earth behaves as a hugs magnet. 

(a) Assertion and Reason both are correct 
statements and Reason is the correct explanation 
for Assertion. 

Earth’s magnetic field can be represented as the field of 
a huge bar magnet. If the magnet is freely suspended its 
north-pole points towards geographic north pole (really a 
south magnet pole of earth). 


. Assertion: At neutral point, a compass needle 


point out in any arbitrary direction. 

Reason: Magnetic field of earth is balanced by 
field due to magnets at the neutral points. 

(a) Assertion and Reason both are correct 
statements and Reason is the correct explanation 
for Assertion. 

A neutral point in the magnetic field of a bar magnet is 
that point, where the field due to magnet is completely 
neutralised by the horizontal component of earth's magnetic 
field. The net horizontal field is zero at such a point. If a 
compass needle is placed at such a point, it can stay in any 
position. 


. Assertion: Earth’s magnetic field does not affect 


the working of a moving coil galvanometer. 
Reason: The earth’s magnetic field is quite weak 
as compared to magnetic field produced in the 
moving coil galvanometer. 

(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 
for Assertion. 

The field magnet used in a moving coil galvanometer 
is very strong. The earth’s magnetic field is quite weak 
as compared to the magnetic field produced by the field 
magnet. Practically the coil rotates under the effect of the 
strong magnetic field due to the field magnet and the weak 
magnetic field due to the earth does not affect the working 
of the moving coil galvanometer. 


. Assertion: The true geographic north direction is 


found by using a compass needle. 

Reason: The magnetic meridian of the earth is 
along the axis of rotation of the earth. 

(d) Assertion is false statement but reason is 
correct statement. 
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Ans. 
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From the compass we are able to know the direction of the 
magnetic poles. The north of compass points towards the 
geographic south pole. If we know the magnetic declination 
at that particular place (which is angle between geographic 
meridian and magnetic meridian) we can easily find out the 
true geographic north-south direction. 

Imaginary lines drawn along the earth’s surface in the 
direction of the horizontal component of the magnetic field of 
the earth at all points passing through the north and south 
magnetic poles. This is similar to the longitudes of the earth, 
which pass through the geographic north and south poles. 


. Assertion: The earth’s magnetic field is due to 


iron present in its core. 

Reason: At a low temperature magnet losses its 
magnetic property is magnetism. 

(d) Assertion is wrong statement but Reason is 
correct statement. 

The temperature inside the earth is so high that it is 
impossible for iron core to behave as a magnet and act as 
a source of magnetic field. The magnetic field of earth is 
considered to be due to circulating electric current in the 
iron (in molten state) and other conducting materials inside 
the earth. 


. Assertion: A compass needle when placed on 


the magnetic north pole of the earth rotates in 
vertical direction. 

Reason: The earth has only vertical component 
of its magnetic field at the north poles. 

(d) Assertion is wrong statement but reason is 
correct statement. 

The earth has only vertical component of its magnetic field at 
the magnetic poles. Since compass needle is only free to rotate 
in horizontal plane. At north pole the vertical component of 
earth's field will exert torque on the magnetic needle so 
as to align it along it direction. As the compass needle can 
not rotate in vertical plane, It will rest horizontally, when 
placed on the magnetic north pole of the earth. 


. Assertion: Magnetic moment is measured in 


joule/tesla or amp m2. 
Reason: Joule/tesla is equivalent to amp m°. 
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Ans. 


Ans. 


10. 


Ans. 


(a) Assertion and reason both are correct 
statements but reason is the correct explanation 
for assertion. 


| Joule W W 
Magnetic moment = tesa B F/ qv 





_ Wop _ | MET? |[AT]] LT” | 


T [ MIT? | = [AL?] = amp m? 


. Assertion: Aclinic lines on the magnetic map 


represents lines of equal dip. 

Reason: When the horizontal and vertical 
components of the earth magnetic field are equal, 
the angle of dip is 45°. 

(d) Assertion is wrong statement but reason is 
correct statement. 

The angle of dip is the angle between the axis of the dip 
needle in the magnetic meridian and the horizontal direction. 


Vertical component of the earth's magnetic field 


an Horizontal component of the earth's magnetic field 
B 
= g, When By = By tan 0 = 1 > 0 = 45° 
Assertion: There is only one neutral point on a 


horizontal board when a magnet is held vertically 
on the board. 

Reason: At the neutral point the net magnetic 
field due to the magnetic and magnetic field of 
the earth is zero. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for Assertion. 

There will be only one neutral point on the horizontal board. 
This is because fled of earth magnetic field is from south to 
north; and the field of pole on the board is radially outwards. 
At any point towards south of magnetic pole, field of earth 
and field of pole will cancel out to give a neutral point. 


+ Case Based Questions 
1. 


Read the para given below and answer the 
questions that follow: 


Elements of the Earth’s 
Magnetic Field. The 

earth’s magnetic field 

at a point on its surface 

is usually characterised Magnetic 
by three quantities: meridian 
(a) declination (b) 
inclination or dip and 
(c) horizontal component of the field. These are 
known as the elements of the earth's magnetic 
field. At a place, angle between geographic 
meridian and magnetic meridian is defined as 
magnetic declination, whereas angle made by 
the earth’s magnetic field with the horizontal in 
magnetic meridian is known as magnetic dip. 





Geographic meridian 
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(i) In a certain place, the horizontal component 


Ans. 


of magnetic field is 1//3 times the vertical 
component. The angle of dip at this place is 





(a) Zero (b) 1/3 
(c) 1/2 (d) 1/6 
(b) x/3 
As we know, tan 0 = a 
H 

_ —by , _ By 
=> tanO= B, IB ...[Given By = Na 
ae ee 


(ii) The angle between the true geographic north 


Ans. 


and the north shown by a compass needle is 
called as 

(a) inclination 

(c) angle of meridian 
(b) magnetic declination 
The angle between the true geographic north and the north 
shown by a compass needle is called as magnetic declination 
or simply declination. 


(b) magnetic declination 
(d) magnetic pole 


(iii) The angle of dip at the poles and the equator 


Ans. 


respectively are 
(a) 30°, 60° 

(c) 45°, 90° 

(d) 90°, 0° 

Since angle of dip at a place is defined as the angle 6, which 
is the direction of total intensity of earth magnetic field B 
makes with a horizontal line in magnetic meridian. 

At poles B = Byand By = B sind > sind =1 ~. 6 = 90° 
At equator B = By and By = B cos 6 

= cosd=1>6=0°. 


(b) 0°, 90° 
(d) 90°, 0° 


(iv) A compass needle which is allowed to move 


Ans. 


in a horizontal plane is taken to a geomagnetic 
pole. 

(a) It will become rigid showing no movement. 
(b) It will stay in any position. 

(c) It will stay in north-south direction only. 

(d) It will stay in east-west direction only. 

(a) It will become rigid showing no movement 
A compass needle which is allowed to move in a horizontal 
plane is taken to a geomagnetic pole. It will stay in any 
position as the horizontal component of earth magnetic field 
becomes zero at the geomagnetic pole. 


(v) Select the correct statement from the following: 


(a) The magnetic dip is zero at the centre of the 
earth. 

(b) Magnetic dip decreases as we move away 
from the equator towards the magnetic pole. 

(c) Magnetic dip increases as we move away 
from the equator towards the magnetic pole. 

(d) Magnetic dip does not vary from place to 
place. 
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Ans. 


(c) Magnetic dip increases as we move away 
from the equator towards the magnetic pole. 
At equator , 6 = 0° 
At equator , 6 = 90° 
6 Increases as we move from equator towards poles. 


. Read the para given below and answer the 


questions that follow: 


Gauss’s Law for Magnetism. By analogy to 
Gauss’s law of electrostatics, we can write 


> > 
J . 
Gauss’s law of magnetism as ¢B.d s = UoMinside 


where Bde is the magnetic flux and Minside 
is the net pole strength inside the closed surface. 
We do not have an isolated magnetic pole in 
nature. At least none has been found to exist 
till date. The smallest unit of the source of 
magnetic field is a magnetic dipole where the net 
magnetic pole is zero. Hence, the net magnetic 
pole enclosed by any closed surface is always 
zero. Correspondingly, the flux of the flux of the 
magnetic field through any closed surface is zero. 


(i) Consider the two idealised systems 


Ans. 


I. a parallel plate capacitor with large plates 
and small separation and 


II. a long solenoid of length L >> R, radius of 
cross-section. 


In Iis ideally treated as a constant between plates 

and zero outside. In II magnetic field is constant 

inside the solenoid and zero outside. These 

idealised assumptions, however, contradict 

fundamental laws as 

(a) case I contradicts Gauss’s law for electrostatic 
fields. 

(b) case II contradicts Gauss’s law for magnetic 
fields. 


> > 
(c) case I agrees $E.d1 =0. 


(d) case II contradicts $H. a Ses 
(b) case II contradicts Gauss’s law for magnetic 
fields. 


> > 
According to Gauss’s law in magnetism ¢B.d s =0, which 
implies that number of magnetic field lines entering the 
Gaussian surface is equal to the number of magnetic field 
lines leaving it. Therefore, case (ii) is not possible. 
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(ii) The net magnetic flux through any closed 


Ans. 


surface, kept in a magnetic field is 


Ho 
(a) zero (b) 4r 
(c) Arty (a) “He 
(a) zero 


The net magnetic flux through a closed surface will be zero 


> > l 
Le, $B.ds=0; because there are no magnetic monopoles. 


(iii) A closed surface S encloses a magnetic dipole 


Ans. 


of moment 2ml. The magnetic flux emerging 
from the surface is 


(a) uom (b) zero 

2m 
(©) 2pm Oia 
(b) zero 


(iv) Which of the following is not a consequence of 


Ans. 


Gauss’s law? 

(a) The magnetic poles always exist as unlike 
pairs of equal strength. 

(b) If several magnetic lines of force enter in a 
closed surface, then an equal number of lines 
of force must leave that surface. 

(c) There are abundant sources or sinks of the 
magnetic field inside a closed surface. 

(d) Isolated magnetic poles do not exist. 

(c) There are abundant sources or sinks of the 
magnetic field inside a closed surface. 

Gauss’s law indicates that there are no sources or sinks of 

the magnetic field inside a closed surface. In other words, 

there are no free magnetic charges. 


(v) The surface integral of a magnetic field over a 


Ans. 


surface 

(a) is proportional to mass enclosed. 

(b) is proportional to charge enclosed. 

(c) is zero. 

(d) equal to its magnetic flux through that 
surface. 

(d) equal to its magnetic flux through that surface. 

The surface integral of a magnetic field over a surface gives 

magnetic flux through that surface. 


. Read the para given below and answer the 


questions that follow: 


Magnetisation and Magnetic Intensity. When 
the atomic dipoles are aligned partially or fully, 
there is a net magnetic moment in the direction of 
the field in any small volume of the material. The 
actual magnetic field inside material placed in 
magnetic field is the sum of the applied magnetic 
field and the magnetic field due to magnetisation. 
This field is called magnetic intensity (H). 

-B M -- [where M = The magnetisation of the material, 

Ho Ho = The permittivity of vacuum, 
B = The total magnetic field 
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The measure that tells us is how a magnetic 
material responds to an external field is given by 
a dimensionless quantity is appropriately called 
the magnetic susceptibility: for a certain class of 
magnetic materials, intensity of magnetisation is 
directly proportional to the magnetic intensity. 
(i) Magnetization of a sample is 

(a) volume of sample per unit magnetic moment 
(b) net magnetic moment per unit volume 
(c) ratio of magnetic moment and pole strength 
(d) ratio of pole strength to magnetic moment 

Ans. (b) net magnetic moment per unit volume 

(ii) Identify the wrongly matched quantity and unit 

pair. 
(a) Pole strength — Am 
(b) Magnetic susceptibility  — dimensionless no 
(c) Intensity of magnetisation— A m 
(d) Magnetic permeability  — Henry m 

Ans. (d) Magnetic permeability — Henry m 

(iii) A bar magnetic has length 3 cm, cross-sectional 

area 2 cm? and magnetic moment 3 A m2. The 

intensity of magnetisation of bar magnet is 

(a) 2x 10° A/m (b) 3 x 10° A/m 

(c) 4 x 10° A/m (d) 5 x 10° A/m 

(d) 5 x 10° A/m 

Given. l = 3 cm, A = 2 cm?, M = 3 A m? 

M 3 

IA 3x10°x2x10* 


Ans. 


Intensity of magnetisation = 


1 
= za ~ 0.9 % 10°=5 x 10° A/m 


(iv) A solenoid has core of a material with relative 
permeability 500 and its windings carry a 
current of 1 A. The number of turns of the 
solenoid is 500 per metre. The magnetization of 
the material is nearly 
(a) 2.5 x 10° Am! 

(c) 2.0 x 10° Am! 
Ans. (b) 2.5 x 10° Am! 
Here, n = 500 turns/m; 1 = 1 A; w, = 500 
Magnetic intensity, H = nI = 500 m7! 
As p,=1+ x ory = (u, -1) 
Magnetic intensity, M = yH 
= (u, -1) H = (500 -1) x 500 A m1 
= 2.495 x 10° A m1 x 2.5 x 10° A m1 
(v) The relative permeability of iron is 6000. Its 
magnetic susceptibility is 
(a) 5999 (b) 6001 
(c) 6000 x 107 (d) 6000 x 107 
Ans. (a) 5999 
Relative permeability of iron, u, = 6000 
Magnetic susceptibility y,,, = w,-1 = 5999. 


(b) 2.5 x 105 A m1 
(d) 2.0 x 105 A mt 


4. Read the para given below and answer the 
questions that follow: 
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Earth’s Magnetic Field. The magnetic field of the 
earth resemble that of a hypothetical magnetic 
dipole located at the centre of the earth. The axis of 
the dipole is presently tilted by approximately 11.3° 
with respect to the axis of rotation of the earth. 





The pole near the geographic North pole of the 
earth is called North magnetic pole and the pole 
near the geographic South pole is called South 
magnetic pole. 


(i) The strength of the earth’s magnetic field varies 
from place on the earth’s surface, its value being 
of the order of 
(a) 10° T 
(c) 10° T 

Ans. (c) 10° T 
(ii) A bar magnet is placed North-South with 
its North-pole due North. The points of zero 
magnetic field will be in which direction from 
centre of magnet? 
(a) North-South 
(b) East-West 
(c) North- East and South-West 
(d) None of these 
Ans. (b) East-West 
(iii) The value of angle of dip is zero at the magnetic 
equator because on it 
(a) V and H are equal 
(b) the values of V and H zero 
(c) the value of V is zero 
(d) the value of H is zero 
Ans. (c) the value of V is zero 
(tv) The angle of dip at a certain place, where the 
horizontal and vertical components of the 
earth’s magnetic field are equal, is 


(b) 10-6 T 
(d) 108 T 


(a) 30° (b) 90° 
(c) 60° (d) 45° 
Ans. (d) 45° 


Given. V = H, .. tan 6= L = 1 or ð = 45° 


(v) At a place, angle of dip is 30°. If horizontal 
component of earth’s magnetic field is H, then 
the total intensity of magnetic field will be 
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H 2H 
(a) > O 
(c) H| (d) 2H 
2H 
o a 


Given. Biot-Savart law can be expressed alternatively as 
Ampere circuital law. 


. Read the para given below and answer the 


questions that follow: 


Magnetic Field Due to a Hollow Wire. The 
field of a hollow wire with constant current is 
homogeneous. Curves in the graph shown give, 
as functions of radius distance r, the magnitude 
B of magnetic field inside and outside four long 
wires a, b, c and d, carrying current that are 
uniformly distributed across the cross sections of 
the wires Overlapping portions of the plots are 
indicated by double labels. 

B 





(i) Which wire has the greatest magnitude of the 


Ans. 


magnetic field on the surface? 
(a) a (b) b 
(c) c (d) d 
(a) a 
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(ii) The current density in a wire a is 
(a) greater than in wire c 
(b) less than in wire c 
(c) equal to that in wire c 
(d) not comparable to that of in wire c due to lack 
of information 
Ans. (b) less than in wire c 


Mo I dB _ Wo I 


Inside the wire, B(r) = On R? dJ 2nR- 


1.e., slope « L oc Current density 
TU 


(iii) Which wire has the greatest radius? 


(a) a (b) b 
(c) c (d) d 
Ans. (c) c 


(iv) A direct current I flows along the length of an 
infinitely long straight thin walled pipe, than 
the magnetic field is 
(a) uniform throughout the pipe not zero. 

(b) zero only along the axis of the pipe. 

(c) zero at any point inside the pipe. 

(d) max. at the centre and min. at the edges. 
Ans. (c) zero at any point inside the pipe. 

(v) In a coaxial, straight cable, the central conductor 
and the outer conductor carry equal current in 
opposite direction. The magnetic field is zero 
(a) outside the cable 
(b) inside the inner conductor 
(c) inside the outer conductor 
(d) in between the two conductor 

Ans. (a) outside the cable 
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+ Multiple Choice Questions (MCQs) 


1. The north pole of a long bar magnet was 
pushed slowly into a short solenoid connected 
to a short galvanometer. The magnet was held 
stationary for a few seconds with the north 
pole in the middle of the solenoid and then 
withdrawn rapidly. The maximum deflection 
of the galvanometer was observed when the 


ic Induct 


magnet was 

(a) moving towards the solenoid 

(b) moving into the solenoid 

(c) at rest inside the solenoid 

(d) moving out of the solenoid [Ans. (d) 
2. The magnetic flux linked with a coil of N turns 

of area of cross section A held with its plane 

parallel to the field B is 


NAB 


Electromagnet 


(a) == (b) NAB 
(c) — (d) zero [Ans. (d) 


3. Faraday’s laws are consequence of the 
conservation of 
(a) charge (b) energy 
(c) magnetic field (d) both (b) and (c) 
[Ans. (b) 
4. Two identical coaxial coils P and Q carrying 
equal amount of current in the same direction 
are brought nearer. The current in 
(a) P increases while in Q decreases 


estion Bank (Physics XII) 
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Chapter: Six 


Electromagnetic Induction 


©. Sed 
Competency Based Questions 


(b) Q increases while in P decreases 
(c) both P and Q increases 
(d) both P and Q decreases [Ans. (d) 


. Direction of current induced in a wire moving 


in a magnetic field is found using 

(a) Fleming’s left hand rule 

(b) Fleming’s right hand rule 

(c) Ampere’s rule 

(d) Right hand clasp rule [Ans. (b) 


. Lenz’s law is a consequence of the law of 


conservation of 

(a) charge (b) energy 

(c) induced emf (d) induced current 
[Ans. (b) 


. A solenoid is connected to a battery so that a 


steady current flows through it. If an iron core 
is inserted into the solenoid, the current will 
(a) increase (b) decrease 

(c) remain same 

(d) first increase then decrease [Ans. (b) 


. Which of the following statements is not 


correct? 

(a) Whenever the amount of magnetic flux linked 
with a circuit changes, an emf is induced in 
circuit. 

(b) The induced emf lasts so long as the change 
in magnetic flux continues. 

(c) The direction of induced emf is given by 
Lenz’s law. 
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10. 


11. 


12. 


13. 


14. 


(d) Lenz’s law is a consequence of the law of 
conservation of momentum. [Ans. (d) 


. There is a uniform magnetic field directed 


perpendicular and into the plane of the paper. 

An irregular shaped conducting loop is slowly 

changing into a circular loop in the plane of the 

paper. Then 

(a) current is induced in the loop in the anti- 
clockwise direction. 

(b) current is induced in the loop in the clockwise 
direction. 

(c) ac is induced in the loop. 

(d) no current is induced in the loop. [Ans. (a) 

In the given figure current 

from A to B in the straight 

wire is decreasing. The 

direction of induced current 

in the loop is A B 

(a) clockwise (b) 

anticlockwise 

(c) changing (d) nothing can be said 

[Ans. (b) 

The north pole of a bar magnet is rapidly 

introduced into a solenoid at one end (say A). 

Which of the following statements correctly 

depicts the phenomenon taking place? 

(a) No induced emf is developed. 

(b) The end A of the solenoid behaves like a 
south pole. 

(c) The end A of the solenoid behaves like north 
pole. 

(d) The end A of the solenoid acquires positive 
potential. [Ans. (c) 

A metal plate can be heated by 

(a) passing either a direct or alternating current 
through the plate. 

(b) placing in a time varying magnetic field. 

(c) placing in a space varying magnetic field, but 
does not vary with time. 

(d) both (a) and (b) are correct. 

Identify the wrong statement. 

(a) Eddy currents are produced in a steady 
magnetic field. 

(b) Eddy currents can be minimized by using 
laminated core. 

(c) Induction furnace uses eddy current to 
produce heat. 

(d) Eddy current can be used to produce braking 
force in moving trains. [Ans. (a) 


[Ans. (d) 


Which of the following does not use the 
application of eddy current? 

(a) Electric power meters 

(b) Induction furnace 
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17. 


Competency Based Questions = C-37 


(c) LED lights 

(d) Magnetic brakes in trains [Ans. (c) 
If number of turns in primary and secondary 
coils is increased to two times each, the mutual 
inductance 


(a) becomes 4 times (b) becomes 2 times 


(c) becomes |! times (d) remains unchanged 
4 


[Ans. (a) 
When the rate of change of current is unity, the 
induced emf is equal to 
(a) thickness of coil 
(b) number of turns in coil 
(c) coefficient of self inductance 
(d) total flux linked with coil [Ans. (c) 
Two inductors of inductance L each are 
connected in series with opposite magnetic 
fluxes. The resultant inductance is (Ignore 
mutual inductance) 
(a) zero 
(c) 2L 


(b) L 


(d) 3L [Ans. (c) 


+ Assertion-Reason Questions 


DIRECTION: Read the two statement Assertion (A) 
and Reason (R) carefully to mark the correct option 
out of the options given below: 

(a) Assertion and Reason both are correct statements 


and Reason is correct explanation for Assertion. 


(b) Assertion and Reason both are correct statements 


but Reason is not correct explanation for 


Assertion. 


(c) Assertion is correct statement but Reason is 


wrong statement. 


(d) Assertion is wrong statement but Reason is 


1. 


Ans. 


correct statement. 


Assertion: When two coil are wound on each 
other, the mutual induction between the coils is 
maximum. 

Reason: Mutual induced does not depend on the 
orientation of the coils. 

(c) Assertion is correct statement but reason is 
wrong statement. 

The manner in which the two coils are oriented determines 


M 
the coefficient of coupling between them i.e., K = E 
172 


where L; and L, are self inductance of two coils. When the 
two coils are wound on each other the coefficient of coupling 
is maximum and mutual inductance between the coil is 
maximum. 


. Assertion: An induced emf is generated when 


magnet is withdrawn from the solenoid. 
Reason: The relative motion between magnet 
and solenoid induces emf. 
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Ans. 


Ans. 


Ans. 


> 
5 
z 


Ans. 


(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

According to Faraday's law of electromagnetic inductor, 
induced emf will be generated in the solenoid. 


. Assertion: A copper sheet is placed in a magnetic 


field. If we pull it out of the field or push it into 
the field, we experience an opposing force. 
Reason: According to Lenz’s law, eddy current 
produced in sheet opposes the motion of the 
sheet. 

(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

According to Lenz’s law when we pull a copper plate 
out of the magnetic field or push it into the magnetic field, 
magnetic flux linked with the plate changes. As a result of 
this eddy currents are produced in the plate which oppose its 
motion. 


. Assertion: Induced emf depends on number of 


turns and area of the coil. 

Reason: Induced emf increase with increase in 
number of turns of coil. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

According to faraday’s law, the induced emf, (e) = 
-a(N@) _ -A(NBA) _ ya B 


dt dt dt ` 


Thus the induced emf depends on the rate of change of 
magnetic flux, number of turns of coil and area of the coil. 
If any of these factor increases (or decreases) then induced 
emf also increases (or decreases). 


. Assertion: Self-inductance is called the inertia of 


electricity. 

Reason: Self-inductance is the phenomenon, 
according to which an opposing induced emf is 
produced in a coil as a result of change in current 
or magnetic flux linked with the coil. 


. (a) Assertion and reason both are correct 


statements and reason is correct explanation for 
assertion. 

Self-inductance of a coil is its property by virtue of which 
the coil opposes any change in the current flowing through 
it. It is because, the induced emf produced opposes the 
change in current. For this reason, self induction is called 
inertia of electricity. 


. Assertion: The coil in the resistance boxes are 


made by doubling the wire. 

Reason: Thick wire is required in resistance box. 
(c) Assertion is correct statement but reason is 
wrong statement. 

The coil in the resistance boxes are made from double wire. 
Due to this current in two wires flows in opposite directions 
i.e, magnetic flux linked with the each coil cancel each other. 
Thus no emf is induced in the resistance. 
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7. Assertion: Acceleration of a magnet falling 


Ans. 


Ans. 


Ans. 


10. 


Ans. 


through a copper ring decreases. 

Reason: The induced current produced in a 
circuit always flow in such direction that it 
opposes the change or cause that produced it. 
(a) Assertion and reason both are correct 
statements and reason is correct explanation for 
assertion. 

When the magnet falls, the magnetic flux through the 
copper ring increases and induced emf is produced in the 
ring. The induced emf so produced, opposes the motion of 
falling magnet. Therefore, the acceleration of the falling 
magnet will be less than that due to gravity. 


. Assertion: An aircraft flies along the meridian, 


the potential develops at the ends of its wings is 
same. 

Reason: Whenever there is change in the 
magnetic flux emf induces. 

(d) Assertion is wrong statement but Reason is 
correct statement. 

As the aircraft files, magnetic flux changes through its 
wings due to the vertical component of the earth's magnetic 
field. Due to this, induced emf is produced across the wings 
of the aircraft. Therefore, the wimgs of the aircrafts will not 
be at the same potential. 


. Assertion: An induced current is developed 


when the number of magnetic lines of force 
associated with conductor is changed. 

Reason: An induced current develop in a 
conductor moved in a direction parallel to the 
magnetic field. 

(c) Assertion is correct statement but Reason is 
wrong statement. 

An induced current develop in a conductor cannot moved in 
a direction parallel to magnetic field. 

Assertion: Changing magnetic flux can produce 
induced emf. 
Reason: Faraday 
experimentally. 
(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Emf induces, when there is change in magnetic flux. The 
magnitude of induced emf depends upon the rate at which 
the magnetic flux changes. When magnetic flux is steady 
or constant no emf is induced. Faraday did experiment in 
which, there is relative motion between the coil and magnet, 
the flux linked with the coil changes and emf induces. 


established induced emf 


+ Case Based Questions 
1. 


Read the para given below and answer the 
questions that follow: 

Motional emf from Lorentz Force. The emf 
induced across the ends of a conductor due to its 
motion in a magnetic field is called motional emf. 
It is produced due to the magnetic Lorentz force 
acting on the free electrons of the conductor. 
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For a circuit shown in figure, if a conductor of 
length | moves with velocity v in a magnetic 
field B perpendicular to both its length and 
the direction of the magnetic filed, then all the 
induced parameters are possible in the circuit. 


==> 


B® 
Uniform 
v = Constant 





(i) Direction of current induced in a wire moving 
in a magnetic field is found using 
(a) Fleming’s left hand rule 
(b) Fleming’s right hand rule 
(c) Ampere’s rule 
(d) Right hand clasp rule 

Ans. (b) Fleming’s right hand rule 

(ii) A conducting road of length / is moving in a 
transverse magnetic field of strength B with 
velocity v. The resistance of the rod is R. The 
current in the rod is 





Blv 
(a) R (b) Blv 
B2y2/7 
(c) zero (d) R 
Blo 
Ans. (a) R 
Induced emf, € = Blv 
. sf! 
Current in the rod, I = RR 


(iii) A 0.1 m long conductor carrying a current of 
50A is held perpendicular to a magnetic field 
of 1.25 mT. The mechanical power required to 
move the conductor with a speed of 1 m s^ is 


(a) 62.5 mW (b) 625 mW 
(c) 6.25 mW (d) 12.5 mW 
Ans. (c) 6.25 mW 


Given. 1=0.1m,v=1ms1 

I = 50 A, B= 1.25 mT = 12.5 x 10° T 
Induced emf, e = Blv 
Mechanical power, P = eI = BIvI 

= 1.25 x 10° x 0.1 x 1 x 50 

= 6.25 x 103 W = 6.25 mW 

(tv) A bicycle generator creates 1.5 V at 15 km/hr. 
The emf generated at 10 km/hr is 
(a) 1.5 volts (b) 2 volts 
(c) 0.5 volts (d) 1 volt 
Ans. (d) 1 volt 


5 
Given. €; = 1.5 V, v1 = 15 km/hr = 15 x 3g ms" 


5 
V2 = 10 km/hr = 10 x gg mse) =? 
Emf induced, e = Blv 


Q 
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> > > , 
Here, B.1 and y are mutually perpendicular 


For given B and l, £ œ v. 





5 
E2 V2 E2 10x2 2 
1 


en &=1V 


(v) The dimensional formula for emf £ in MKS 


Ans. 


system will be 


(a) [ML2T3A1] (b) [ML2T-1A] 





(c) [ML2A] (d) [MLT-2A~] 
(a) [ML2T-3A*1] 

2-2 
E= A = a = ML?T?A1 


. Read the para given below and answer the 


questions that follow: 


Lenz’s law states that direction of induced 
current in a circuit is such that it opposes the 
change which produces it. Thus, if the magnetic 
flux linked with a closed circuit increases, the 
induced current flows in such a direction that a 
magnetic flux is created in the opposite direction 
of the original magnetic flux. If the magnetic 
flux linked with the closed circuit decreases, the 
induced current flows in such a direction so as 
to create a magnetic flux in the direction of the 
original flux. 





(Rest) 


(Coil face behaves as North pole 
to oppose the motion of magnetic.) 





(Rest) 
(Coil face behaves as South pole to 
oppose the motion of magnetic.) 


(i) Which of the following statement is correct? 


(a) The induced emf is not in the direction 
opposing the change in magnetic flux so as 
to oppose the cause which produces it. 

(b) The relative motion between the coil and 
magnet produces change in magnetic flux. 

(c) Emf is induced only if the magnet is moved 
towards coil. 
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Ans. 


(d) Emf is induced only if the coil is moved 
towards magnet. 

(b) The relative motion between the coil and 
magnet produces change in magnetic flux. 
The relative motion between the coil and the magnet produces 
change in the magnetic flux in the coil. The induced emf is 
always in such a direction that it opposes the change in the 


flux. 


(ii) The polarity of induced emf is given by 


Ans. 


(a) Ampere’s circuital law 
(b) Biot-Savart law 

(c) Lenz’s law 

(d) Fleming’s right hand rule 
(c) Lenz’s law 


(iii) Lenz’s law is a consequence of the law of 


Ans. 


conservation of 


(a) charge (b) mass 
(c) momentum (d) energy 
(d) energy 


(iv) Near a circular loop of 


Ans. 


conducting wire as shown in 
the figure, an electron moves 
along a straight line. The 
direction of the induced 
current if any in the loop is ————~#4—___ 


(b) clockwise 


(d) zero 


(a) variable 

(c) anticlockwise 
(b) clockwise 

As e is moving from right to left so 
current will be left to right in wire so 


induced current in the loop is clockwise. z 


e 


(v) Two identical coils A and B are kept in a 


horizontal tube side without touching each 
other. If the current in the coil A increases with 
time, in response, the coil B 

(a) is attracted by A (b) remains stationary 
(c) is repelled (d) rotates 


. (c) is repelled 


When current in coil A increase with time, there will be a 
change of flux in coil B which will induce a current in coil 
B. Now according to Lenz’s law, the direction of induced 
current in B will be opposite to the direction of current in A. 
Thus, if two loops carry current in opposite direction they 
will repel each other. 


. Read the para given below and answer the 


questions that follow: 


Mutual inductance. Mutual inductance is the 
phenomenon of inducing emf in a coil, due to 
a change of current in the neighbouring coil. 
The amount of mutual inductance that links 
one coil to another depends very much on the 
relative positioning of two coils, their geometry 
and relative separation between them. Mutual 
inductance between the two coils increase i, 
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(i) 


Ans. 


(ii) 


Ans. 


(iii) 


Ans. 


(iv) 


Ans. 


times if the coils are wound over an iron core of 
relative permeability u. 


A short solenoid of radius a, number of turns 
per unit length n, and length L is kept coaxially 
inside a very long solenoid of radius b, number 
of turns per unit length n,. What is the mutual 
inductance of the system? 

(a) uonb’nnL (b) ugna2n nL? 

(c) uoraê?n nL (d) ugnb2n.nL? 

(c) uoraênnL 

If a change in current of 0.01 A in one coil 
produces a change in magnetic flux of 2 x 
10-2 weber in another coil, then the mutual 
inductance between coils is 


(a) 0 (b) 0.5 H (c) 2H (d) 3H 
(c) 2H 
Given: bp = 2 x 102 Wb, I = 0.01 A 
As Op = MI 6 

Mutual inductance between two coils, M = T 

2x10° Wb 

= 00A an 
Mutual inductance of two coils can be increased 
by 


(a) decreasing the number of turns in the coils 
(b) increasing the number of turns in the coils 
(c) winding the coils on wooden cores 

(d) none of these. 

(b) increasing the number of turns in the coils 
Mutual inductance of coils, M = EotN ss 

It is clear that mutual inductance of coils can be increased 
by increasing the number of turns in the coils. 

When a sheet of iron is placed in between 
the two co-axial, then the mutual inductance 
between the coils will 
(a) increase 

(c) remains same 

(a) increase 

We know that the mutual inductance depends (directly 
proportional) on the permeability of the medium surrounding 
the coils. When the permeability of the medium is increased 
by inserting a sheet of iron, then the mutual inductance 
between the coils also increase. 


(b) decrease 
(d) cannot be predicted 


(v) The SI unit of mutual inductance is 


Ans. 


(a) ohm (b) mho 
(c) henry (d) none of these 
(c) henry 
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4. Read the para given below and answer the 
questions that follow: 


Eddy Current and their effects. Currents can be 
induced not only in conducting coils, but also in 
conducting sheets or blocks. Current is induced 
in solid metallic masses when the magnetic flux 
threading through them changes. Such current 
flow in the form of irregularly shaped loops 
throughout the body of the metal. These current 
look like eddies or whirlpools in water so they 
are known as eddy current. Eddy current have 
both undesirable effects and practically useful 
application. For example it causes unnecessary 
heating and wastage of power in electric motors, 
dynamos and in the cores of transformers. 

(i) The working of speedometers of trains is based on 
(a) wattless currents (b) eddy currents 
(c) alternating currents (d) pulsating currents 

Ans. (b) eddy currents 

(ii) Identify the wrong statement. 

(a) Eddy current are produced in a steady 
magnetic field. 

(b) Induction furnace uses eddy currents to 
produce heat. 

(c) Eddy currents can be used to produce braking 
force in moving trains. 

(d) Power meters work on the principle of eddy 
currents. 

(a) Eddy current are produced in a steady 
magnetic field. 

(iii) Which of the following is the best method to 

reduce eddy currents? 

(a) Laminating core (b) Using thick wires 

(c) By reducing hysteresis loss 

(d) None of these 

(a) Laminating core 

To reduce the eddy currents in the metal armature of motors, 

wire 1s wrapped around a number of thin metal sheet called 

lamination. 

(tv) The direction of eddy currents is given by 
(a) Fleming’s left hand rule 
(b) Biot-Savart law (c) Lenz’s law 
(d) Ampere-circuital law 

Ans. (c) Lenz’s law 
Eddy currents also oppose the change in magnetic flux, so 
their direction is given by Lenz’s law. 

(v) Eddy current can be used to heat localised 
tissues of the human body. This branch of 
medical therapy is called 
(a) Hyperthermia (b) Diathermy 
(c) Inductothermy (d) None of these 

Ans. (b) Diathermy 


5. Read the para given below and answer the 
questions that follow: 


Ans. 


Ans. 


Self Induction. When a current I flows through 
a coil, flux linked with it is ¢ = LI, where L is 
a constant known as self inductance of the coil. 


Q 
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Any charge in current 
sets up an induced emf 
in the coil. Thus, self 
inductance of a coil is the 
induced emf set up in it 
when the current passing 
through it changes at the © 
unit rate. It is a measure 
of the opposition to the growth or the decay of 
current flowing through the coil. Also, value of 
self inductance depends on the number of turns 
in the solenoid, its area of cross-section and the 
permeability of its core material. 

(i) The inductance in a coil plays the same role as 
(a) inertia in mechanics (b) energy in mechanics 


(c) momentum in mechanics 
(d) force in mechanics 


Ans. (a) inertia in mechanics 
(ii) A current of 2.5 A flows through a coil of 
inductance 5 H. The magnetic flux linked with 


the coil is 

(a) 0.5 Wb (b) 12.5 Wb 

(c) zero (d) 2 Wb 
Ans. (b) 12.5 Wb 


Given. 1[=2.5A,L =5H 
Magnetic flux linked with coil, dg = LI = (5 H)(2.5A) = 
12.5 Wb 
(iii) The inductance L of a solenoid depends upon 
its radius R as 
(a) LxR 
(c) Lx R? 
Ans. (c) L œ R? 
The inductance of a solenoid, L = pgn? Al 
...[where A = Area of cross-section of the solenoid 
= length, n = number of turns per unit length 
As A = mR’, ...[where R = radius of the solenoid 
= L = pgn2nR2 1 +. L œ R? 
(iv) The unit of self-inductance is 
(a) Weber ampere (b) Weber! ampere 
(c) Ohm second (d) Farad 
Ans. (c) Ohm second P Hi 
The magnitude of induced emf, ¢ = L a L= -F 
volt x second 


(b) Lx1/R 
(d) Lx RÌ 


or, L = = ohm second 


ampere 


(v) The induced emf in a coil of 10 henry inductance 
in which current varies from 9 A to 4 A in 0.2 


second is 
(a) 200 V (b) 250 V 
(c) 300 V (d) 350 V 
Ans. (b) 250 V 
Given. L = 10 henry, 1, = 9 A, l, = 4 A and At = 0.2 second 
Then induced emf, £4 = -L £ - 


=, (h-hh) _ -10x(4-9) _ 50 = 250 V 
At 0.2 


0.2 
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= Alternating Current 
7 > 
‘N 
© 
: 5 
w. 
E F 
o, Competency Based Questions 
= 
= 
C.J + Multiple Choice Questions (MCQs) 
1. Alternating voltage (V) is represented by the 
=p 5 5 P y 
ti 
= (a) V(t) = V „e ot (b) V(t) = V, sinot 
par (c) V(t) = V,, cotot (d) V(t) = V,, tanot 
[Ans. (b) 
E 2. The rms value of potential difference V shown 
em in the figure is 
= v 
= 
== Vs 
H i. T : 
@) 2 Vo 0o% wo% 


[Ans. (c) 

3. The phase relationship between current and 

voltage in a pure resistive circuit is best 
represented by 


(a) 


X 





4. In the case of an inductor 





for more. 


(a) voltage lags the current by 5 
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(b) voltage leads the current by = 


N 


(c) voltage leads the current by 


T 
3 
T 
4 [Ans. (b) 


(d) voltage leads the current by 


5. Which of the following graphs represents the 


correct variation of inductive reactance X; with 
frequency v? 


L 
(a) = 
DvD 
DvD 
. Ina pure capacitive circuit if the frequency of ac 
source is doubled, then its capacitive reactance 
will be 
(a) remains same (b) doubled 
(c) halved (d) zero [Ans. (c) 
7. Which of the following graphs represents the 


correct variation of capacitive reactance Xc with 
a” v? 


res (c) 


. In an alternating current circuit consisting of 
elements in series, the current increases on 
increasing the frequency of supply. Which of 
the following elements are likely to constitute 
the circuit? 


= 
2< 2< 
re = 


V 


[Ans. (b) 


an 


(a) Only resistor 


(b) Resistor and inductor 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17, 


Competency Based Questions = C-43 


(c) Resistor and capacitor 


(d) Only inductor [Ans. (c) 


. In which of the following circuits the maximum 


power dissipation is observed? 

(a) Pure capacitive circuit 

(b) Pure inductive circuit 

(c) Pure resistive circuit 

(d) None of these [Ans. (c) 
In series LCR circuit, the phase angle between 
supply voltage and current is 





X -X R 
a) tan = ZL ^C b) tan 6 = 
(a) tang = *L-Xe (b) tanb = SS 
en — Xp, +Xe 
(c) tan o X, + Xc (d) tan o -o 
[Ans. (a) 


In a series LCR circuit the voltage across an 
inductor, capacitor and resistor are 20 V, 20 V 
and 40 V respectively. The phase difference 
between the applied voltage and the current in 
the circuit is 

(a) 30° (b) 45° 

(c) 60° (d) 0° [Ans. (d) 
At resonance frequency the impedance in series 
LCR circuit is 
(a) maximum (b) minimum 

(c) zero [Ans. (b) 
At resonant frequency the current amplitude in 
series LCR circuit is 


(d) infinity 


(a) maximum (b) minimum 
(c) zero lAns. (a) 
Quality factor and power factor both have the 


dimensions of 


(d) infinity 


(a) time (b) frequency 

(c) work (d) angle [Ans. (d) 
The natural frequency (9) of oscillations in LC 
circuit is given by 


=-= b 1 1 
(a) nm JLC ) 2LC 


(c) Ts (d) JC 


A transformer works on the principle of 


[Ans. (c) 


(a) self induction 
(b) electrical inertia 
(c) mutual induction 
(d) magnetic effect of the electrical current 
[Ans. (c) 
For an ideal-step-down transformer, the quantity 
which is constant for both the coils is 
(a) current in the coils 
(b) voltage across the coils 
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(c) resistance of coils corresponding dissipation of energy is reduced (as H œ FR). 


If transmission is done at low voltage then we have to use 
thick wire in order to reduce the dissipation of energy. This 
increase the cost of transmission lines wires. In order to 
reduce both energy dissipation and cost of transmission 
wire, transmission is done at high voltage by using step-up 
transformers. 


(d) power in the coils [Ans. (d) 


+ Assertion-Reason Questions 


DIRECTION: Read the two statements Assertion (A) 
and Reason (R) carefully to mark the correct option 
out of the options given below: 4 
(a) Assertion and Reason both are correct statements 
and Reason is correct explanation for Assertion. 
(b) Assertion and Reason both are correct statements 
but Reason is not correct explanation for Ans 


. Assertion: A transformer cannot work on D.C. 
supply. 
Reason: D.C. changes neither in magnitude nor 
in direction. 

. (a) Assertion and Reason both are correct 


Alternating Current 


> 
5 
z 


Assertion. 


(c) Assertion is correct statement but Reason is 


wrong statement. 


(d) Assertion is wrong statement but Reason is 


correct statement. 


1. Assertion: The alternating current lags behind 
the emf by a phase angle of n/2, when A.C. 
flows through an inductor. 

Reason: The inductive reactance increases as the 
frequency of A.C. source decreases. 


. (c) Assertion is correct statement but reason is 
wrong statement. 
When pure inductor is connected to source of an alternating 
emf, then instantaneous value of alternating emf is given by 
E = Eg sin ot, and corresponding alternating current is 
given by I = lọ sin(œt - n/2). From these two equations, it 
follows that alternating current lags behind emf by a phase 
angle of n/2. The inductive reactance, 
X; = OL = 2nfL, so when frequency increases correspondingly 
inductive reactance also increases. 


. Assertion: When capacitive reactance is smaller 
than the inductive reactance in LCR series circuit, 
emf leads the current. 

Reason: The phase angle is the angle between 
the alternating emf and alternating current of the 
circuit. 


. (b) Assertion and Reason both are correct 
statements but Reason is not correct explanation 
for Assertion. 

The phase angle for LCR series circuit is give by 

Mae oliot 

R è R 

Where X;, Xc are inductive reactance and capacitive 

reactance respectively. When X; > Xc tan ® is positive 

ie., O is positive (between 0 and n/2). Hence emf leads the 
current. 


tan 0 = 


. Assertion: Long distance transmission of A.C. is 
carried out at extremely high voltage. 
Reason: For large distance, voltage has to be 
large. 

. (c) Assertion is correct statement but reason is 
wrong statement. 


The transmission is done at high voltage due to which 
current through the wire is reduced. By reduction in current 
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statements and Reason is correct explanation 
for Assertion. 


Transformer works on the principle of mutual induction 
i.e., if two coils are inductively coupled and when current 
or magnetic flux is changed through one of the two coils, 
then induced emf is produced in the other coil. So whenever 
there is change in current or magnetic flux, only then emf is 
induced. But in case of D.C. current or voltage, emf is not 
induced because it remain constant throughout and never 
changes its direction and magnitude. Therefore transformer 
cannot work when D.C. is applied. 


. Assertion: Soft iron is used as a core of 


transformer. 
Reason: Area of hysteresis loop for soft iron is 
small. 


. (a) Assertion and Reason both are correct 


statements and Reason is correct explanation 
for Assertion. 

The alternating current flowing through the coils, 
magnetises and demagnetises the iron core again and again 
over complete cycles. During each cycle of magnetisation, 
some energy is lost due to hysteresis, the energy lost during 
a cycle of magnetisation being equal to area of hysteresis 
loop (in magnitude). Energy loss can be reduced by selecting 
the material core, which has narrow hysteresis loop, that is 
why soft iron core is used. 


. Assertion: We use thick wire in the secondary 


coil of a step down transformer to reduce the 
production of heat. 

Reason: When the plane of the armature is 
parallel to the line of force of magnetic field, the 
magnitude of induced emf is maximum. 


. (b) Assertion and Reason both are correct 


statements but Reason is not correct explanation 
for Assertion. 

A step-down transformer converts electrical energy from 
a high voltage to one at a low voltage. Accordingly the 
current in the secondary will be larger than that in the 
primary. In order to produce less heat in secondary, we use 
a wire of lesser resistance i.e. think wire. We also know that 
when the plane of the armature is parallel to the lines of 
force of magnetic field, the rate of change of magnetic flux 
linked with it is maximum. Therefore the emf induced in the 
armature in this orientation is maximum. 
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Ans. 


10. 


Ans. 


. Assertion: An alternating current shows magnetic 


effect. 

Reason: Magnitude of alternating current varies 
with time. 

(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 

Like direct current, an alternating current also produces 
magnetic field. But the magnitude and direction of the field 
goes on changing continuously with time. 


. Assertion: A bulb connected in series with a 


solenoid is connected to A.C. source. If a soft iron 
core is introduced in the solenoid, the bulb will 
glow brighter. 

Reason: On introducing soft iron core in the 
solenoid, the inductance decreases. 

(d) Assertion is false statement but reason is 


correct statement. 

On introducing soft iron core, the bulb will glow dimmer. 
This is because on introducing soft iron core in the solenoid, 
its inductance L increases, the inductive reactance, X; =@L 
increases and hence the current through the bulb deceases. 


. Assertion: Capacitor serves as a block for D.C. 


and offers an easy path to A.C. 
Reason: Capacitive reactance is 
proportional to frequency. 


inversely 


(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 
for Assertion. 
The capacitive reactance of capacitor is given by 

1 1 
Xc= oC 2nfC 
So this is infinite for D.C. (f = 0) and has a finite value for 
A.C. Therefore a capacitor blocks D.C. and offers an easy 
path for A.C. 


Assertion: At resonance, LCR series circuit have 
a maximum current. 

Reason: At resonance, in LCR series circuit, the 
current and emf are in phase with each other. 





(b) Assertion and reason both are correct 
statements but reason is not correct explanation 
for assertion. 


1 
At resonance of X; = Xc or mL = 7G. Because of this 


impedance of LCR series circuit become equal to resistance 


of circuit (z = JR’ aG -Xc) | ; 


E E 
Therefore, I = ZR” 
circuit is maximum. Correspondingly phase angle is also 
equal to zero. Therefore emf and current are in phase in LCR 
series circuit. 


at resonance, current in LCR series 
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Competency Based Questions = C-45 


+ Case Based Questions 
1. Read the para given below and answer the 


questions that follow: 


LCR Circuit. When a pure resistance R, pure 
inductor L and an ideal capacitor of capacitance 
C is connected in series to a source of alternating 
emf then current at any instant through the 
three elements has the same amplitude and is 
represented as I = Iọsinot. However, voltage 
across each element has a different phase 
relationship with the current as shown in graph. 
The effective resistance of RLC circuit is called 
impedance (Z) of the circuit and the voltage 
leads the current by a phase angle 6. 





A resistor of 12 Q, a capacitor of reactance 14 Q 
and a pure inductor of inductance 0.1 H are 
joined in series and placed across 200 V, 50 Hz 


a.c. supply. 


(i) The value of inductive reactance is 


(a) 15 Q 
(c) 20 Q 


(b) 31.4.9 
(d) 30 Q 


Ans. (b) 314 Q 


Given. R = 12 Q, Xc = 149, L = 0.1 H, v = 50 Hz 


< X; = œL = 2nv L= 2 x 3.14 x 50 x 0.1 = 31.4 Q 
(ii) The value of impedance is 


(a) 20 Q 
(c) 30 Q 


(b) 15.Q 
(d) 21.13 Q 


Ans. (d) 21.13 Q 


As we know, Impedance, Z = IFRS 
= J12} +(681.4-14} = 21.13 Q 


(iii) What is the value of current in the circuit? 


(a) 5 A (b) 15 A 
(c) 10 A (d) 9.46 A 
Ans. (d) 9.46 A 
E 
Using point (ii), I,= >= a = 9,46 A 


... [Given E, = 200 
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(tv) What is the value of the phase angle between 


Ans. 


current and voltage? 


(a) 53°9’ (b) 63°9’ 
(c) 55°4’ (d) 50° 
(c) 55°4’ 


X -Xc _ 314-14 _ 


R 1D 1.45 


As we know, tan 6 = 


= = tan? (1.45) = 55°4’ 
(v) From graph, which one is true from following? 


Ans. 


. Read the para given below and answer the 


(a) V; > Ve (bl) Vi. < Vc 
(e) VL > Ve (d) VL = Ve 
(e) VL > Ve 


questions that follow: 


AC Voltage Applied to a Capacitor. Let a source 
of alternating emf E = Egsinot be connected to a 
capacitor of capacitance C. If ‘Tis the instantaneous 
value of current in the circuit at instant t, then I = 


Eg- < í a 
sin| ot+— |, 
1/@C 2 
The capacitive reactance limits the amplitude of 
current in a purely in a capacitive circuit and it is 





1 
given by Xc = oC . 


C 


(i) What is the unit of capacitive reactance? 


Ans. 


(a) farad (b) ampere 
(c) ohm (d) ohm! 
(c) ohm 


Ohm is the unit of capacitive reactance. 


(ii) The capacitive reactance of a 5 uF capacitor for 


Ans. 


a frequency of 10° Hz is 


(a) 0.032 Q (b) 2.52 Q 
(c) 1.25 Q (d) 4.51 Q 
(a) 0.032 Q 

1 1 





Capacitive reactance, Xç = oC Doc 


1 
— 2mx10fx5x10f Opa a 


(iii) In a capacitive circuit, resistance to the flow of 


Ans. 


current is offered by 
(a) resistor (b) capacitor 


(c) inductor (d) frequency 


(b) capacitor 
In capacitive circuit, resistance to the flow of current is 
offered by the capacitor. 


Q 
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(iv) In a capacitive circuit, by what value of phase 


Ans. 


angle does alternating current leads the emf? 


(a) 45° (b) 90° 
(c) 75° (d) 60° 
(b) 90° 


(v) One microfarad capacitor is joined to a 200 V, 


Ans. 


50 Hz alternator. The rms current through 
capacitor is 

(a) 6.28 x 107A 
(c) 10.52 x 107 A 
(a) 6.28 x 107 A 


(b) 7.5 x 104A 
(d) 15.25 x 102 A 


V0 E, 
As we know, Current, I, = Xo 1/2moc= (2T0C)Ey 


"~ I, =2 x 3.14 x 50 x 10° x 200 = 6.28 x 10-A 


. Read the para given below and answer the 


questions that follow: 


Average power associated with an inductor 
and capacitor. The power averaged over one full 
cycle of a.c. is known as average power. IT is also 


Volo 


known as true power. Pav = V msl-ms COS 0 = 5 


rms rms 
cos Q. 


Root mean square or simply rms watts refer 
to continuous power. A circuit containing a 80 
mH inductor and a 60 uF capacitor in series is 
connected to a 230 V, 50 Hz supply. The resistance 
of the circuit is negligible. 


80mH 60 uF 
230 V, 50 Hz 
(i) The value of current amplitude is 
(a) 15 A (b) 11.63 A 
(c) 17.65 A (d) 6.33 A 
(b) 11.63 A 


Ans. 


Inductance, L = 80 mH = 80 x 10° H 
Capacitance, C = 60 uF = 60 x 10£ F, V = 230 V 
Frequency, o= 50 Hz 

Here, œ = 2nv = 100r rad s1 


Peak voltage, Vọ = V J2 =230J2 V 





V, 
= Maximum current is given by, Ip = a 
for) 
oC 
230V2 
7 a ace. . £2 
100 x 80 x10” — 6 
100m x 60x10" 
23042 





[én an) 
OT 


Amplitude of maximum current, Ij = 11.63 A 
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(ii) Find rms value. 120x 50 
(a) 6A (b) 5.25 A Se a oY 
(c) 8.23 A (d) 7.52 A (ii) The value of current in the bulb is 
Ans. (c) 8.23 A (a) 7 A (b) 15 A 
rms value of current, (c) 3A (d) 5A 


r- -1168 _ Ans. (d) 5 A 
=R Sp = -8.23 A 


E, 3 
1 As we know, L= > > L= 77 =5A 
Negative sign appears as œL < FG. 


R 0.6 


(iii) The value of current in primary coil is 


(iii) The average power transferred to inductor is (a) 0.125 A (b) 2.25 A 
(a) zero (b) 7W (c) 1.51 A (d) 3.52 A 
(c) 2.5 W (d) 5 W Ans. (a) 0.125 A 
Ans. (a) zero D p 
Average power consumed by the inductor is zero because of As L = a 
phase difference of ~ between voltage and current through PE re Es L= 3 x 5 = 0.125 A 
inductor. Po E S 120 ' 
(iv) The average power transferred to the capacitor (iv) Power in primary coil is 
is (a) 20 W (b) 5 W 
(a) 5 W (b) 0 (c) 10 W (d) 15 W 
(c) 11 W (d) 15 W Ans. (d) 15 W 
Ans. (b) 0 Power in primary, P, = E, x I, = 120 x 0.125 = 15 W 


Average power consumed by the capacitor is zero because of 


phase difference of between voltage and current through 
capacitor. 
(v) What is the total average power absorbed by 
the circuit? 
(a) zero (b) 10 W 
(c) 25 W (d) 15 W 
Ans. (a) zero 


4. Read the para given below and answer the 
questions that follow: 


Transformer. A transformer is essentially an 
a.c. device. It cannot work on d.c. It changes 
alternating voltages or currents. It does not 
affect the frequency of a.c. It is based on the 
phenomenon of mutual induction. A transformer 
essentially consists of two coils of insulated 
copper wire having different number of turns and 
wound on the same soft iron core. The number of 
turns in the primary and secondary coils of an 
ideal transformer are 2000 and 50 respectively. 
The primary coil is connected to a main supply 
of 120 V and secondary coil is connected to a 
bulb of resistance 0.6 Q. 


(i) The value of voltage across the secondary coil is 


(a) 5 V (b) 2 V 
(c) 3 V (d) 10 V 
Ans. (c) 3 V 
Es _ "s = Ls 
As E, 1, > E =E, i, 
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(v) Power is secondary coil is 


(a) 15 W (b) 20 W 
(c) 7 W (d) 8 W 
Ans. (a) 15 W 


Power in secondary coil, P; = E, x L= 3x 5 = 15 W 


5. Read the para given below and answer the 
questions that follow: 
Resonant Series LCR Circuit. When the 
frequency of ac supply is such that the inductive 
reactance and capacitive reactance become equal, 
the impedance of the series LCR circuit is equal to 
the ohmic resistance in the circuit. Such a series 
LCR circuit is known as resonant series LCR circuit 
and the frequency of the ac supply is known as 
resonant frequency. Resonance phenomenon is 
exhibited by a circuit only if both L and C are 
present in the circuit. We cannot have resonance 
in a RL or RC circuit. A series LCR circuit with L 
= 0.12 H, C = 480 nF, R = 23 Q is Connect to a 230 
V variable frequency supply. 


0112H 480nF 23Q 


230 V 


(i) Find the value of source for which current 
amplitude is maximum. 
(a) 222.32 Hz (b) 550.52 Hz 
(c) 663.48 Hz (d) 770 Hz 
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Ans. (c) 663.48 Hz (iii) The value of maximum power is 
Here, L = 0.12 H, C = 480 nF = 480 x 10° F (a) 2200 W (b) 2299.3 W 
R = 23 Q, V = 230 V (c) 5500 W (d) 4700 W 
Vo = V2 x 230 = 325.22 V Ans. (b) 2299.3 W 
1 
p Vi Maximum power, Ping, = 3 (Ip)?R 
07 2 
1 
R [ot 2) = z x (14.14)? x 23 = 2299.3 W 
ae er ae I 0 (tv) What is the Q-factor of the given circuit? 
ae (a) 25 A (b) 42.21 A 
E 1 ee, (c) 35.42 A (d) 21.74 A 
© JLC Jo.12%480x108 =? © Ans. (d) 21.74 A 
4166.67 Ay _ ©,L 
Now, vp = zx314 = 663.48 Hz Quality factor Q = aa R 
(ii) The value of maximum current is a OE 7 
(a) 14.14 A (b) 22.52 A a 
(c) 50.25 A (d) 47.41 A (v) At resonance which of the following physical 
Ans. (a) 14.14 A quantity is maximum? 
V, 325.22 (a) Impedance (b) Current 
Current, Ig = R“ 33 = 14.144 (c) Both (a) and (b) (d) Neither (a) nor (b) 


Ans. (b) Current 
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ELECTROSTATICS 


1. Electric Charges and Fields 


QUICK REVISION OF THE CHAPTER 


. Frictional electricity. Electricity developed on bodies when they are rubbed against each other. 

. Smallest amount of charge. Charge (e) on an electron or a proton (e= + 1-6 x 10-9 C) 

. Electric Charge has three basic properties : conservation, quantisation and additivity. 
Conservation of Charge. Net charge on an isolated system always remains constant, i.e., charge can neither be created nor l 
destroyed. 
Quantisation of charge. Charge (q) on a body is always an integral multiple of ‘e’, i.e., q = + ne 
Additivity of electric charges means that the total charge of an isolated system is the algebraic sum of all individual charges in 
the system. 

. Mathematical form of Coulomb’s law: 


_| ae (ii) In a dielectric medium, F = =A u 


Aneg r2 AnegK 2 


= A 
(iii) In vector form, F = + flay 


ATE ( r2 


(i In vacuum (or air), F = 


. Dielectric constant. The dielectric constant of a medium is the ratio of the force between two charges placed at a certain 
distance apart in vacuum (or air) to the force between the same two charges placed at the same distance apart in that medium. 

. Principle of superposition. When a number of charges are interacting, the total force on a particular charge is equal to the 
vector sum of the forces exerted on it by all other charges. 

. Electric field. The space around an electric charge where its effect can be experienced. 

. Electric dipole. A system of two equal and opposite charges (q and — q) separated by a certain distance (2a). 

. Electric dipole moment. The product of the magnitude of either charge and the length of the electric dipole. 


Mathematically, p =g(2 a) 


. Electric line of force. An electric field line is a curve drawn in such a way that the tangent at each point on the curve gives the 
direction of electric field at that point. 
. Electric flux. The electric lines of force passing through that area, when held normally to the lines of force. 


> > 
Mathematically, , = f E.AS 
S 


“ ° ° 1 e ” 
à auss s law. states a e LOLAL electric [tux rou a ctosea surjace tS — times e cnarge enclose e closed surjace. 
Gauss’s law. It states that “the total elect through a closed times the charge enclosed by the closed 
EO 


Mathematically, 0, = f 
S 


. Gaussian surface. Any closed imaginary surface around the charge distribution where Gauss’s theorem can be applied to find 
electric field due to it is called the Gaussian surface. 
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. Electric field due to an infinitely long straight charged wire. The electric field due to infinitely long straight wire of linear 
charge density À is 


E= 3 L where [r is perpendicular distance of the observation point from the wire.] 
TEQF 
. Electric field due to a uniformly charged infinite plane sheet. The electric field due to an infinite plane sheet of charge of 


surface charge density o is 


E= — 
2£€0 


—- r A . . 
In vector form, E = L where [n is a unit vector normal to the plane.] 


2£€0 
. Electric field due to spherical shell. The electric field due to spherical shell of surface charge density o and radius R is 


(i) E= l A forr>R ... [outside the shell] 
AN EQ 2 


(ij) E=0 forr<R ... [inside the shell] 


(iii) E = l PE forr=R ...[at the surface] where g = 4rR?o 
4TEQ R2 


. Electric field due to a solid sphere. The electric field due to a solid sphere of volume charge density p and radius R is 


l 
(ù) E= L for r> R ... [outside the sphere] 
ANE, r’ 


(ii) E = a A for r< R ... [inside the sphere] 
TEQ R 


l 
(iii) E = ee forr=R ...fat the surface] where [q = 4 Rp] 
ATE, R? 3 


UNITS USED 


q C TA] 


Electric Charge [ 
Permittivity of free space CN ids. IM E TA] 


> 
Electric field Nel Vm. [MLTA7}] 
Electric flux Vm, Nic [KETA] 


Dipole moment Cm [LTA] 
Vector area element [L2] 


Torque [ML?T-?] 
Linear charge density ETA] 
Surface charge density [LATA] 
Volume charge density [LTA] 





rh WWW.JEEBOOKS.IN 
@booksforchse WW.JEEBOOKS.IN 





for more. 


Ans. 


Ans. 


Ans. 


Ans. 


Ans. 


. Figure 


Chapter 1 : ELECTRIC CHARGES AND FIELDS 3 


Previous Years CBSE Examination Questions 
Very Short Answer Type Questions (VSA) 


(1 Mark) 


. Which orientation of an electric dipole in a 


uniform electric field would correspond to 
stable equilibrium? (All India) 
When dipole moment vector is parallel to electric 
field vector 


> > 
PILE 


. If the radius of the Gaussian surface enclosing a 


charge is halved, how does the electric flux 
through the Gaussian surface change? 

(All India) 
Electric flux p is given by 


> > 
Op = | EAs = Q 
Eo 
...where [Q is total charge inside the closed surface 
On changing the radius of sphere, the electric 
flux through the Gaussian surface remains 


same. 


. Define the term electric dipole moment of a 


dipole. State its S.I. unit. (All India) 
t = PE sin 0 

If E=1 unit, 0 = 90°, then t = P 

Dipole moment may be defined as the torque 

acting on an electric dipole, placed perpendicular 

to a uniform electric field of unit strength. 

or Strength of electric dipole is called dipole 


moment. 


zn 
IP l= 92a z. S.I. unit is Cm 


. In which orientation, a dipole placed in a 


uniform electric field is in (i) stable, (ii) unstable 

equilibrium? (Delhi) 

(i) For stable equilibrium, a dipole is placed 
parallel to the electric field. 

(ii) For unstable equilibrium, a dipole is placed 
antiparallel to the electric field. 

shows three 

point charges, + 2q, -q 

and +3q. Two charges 

+2q and -q are enclosed S 

within a surface ‘S’. +30 

What is the electric flux 

due to this configuration through the surface 

57? (Delhi) 


=> 


—_> 
Electric flux = fE .dS 
S 


Join 
@booksforcbse 


for more. 





Ans. 


Ans. 


Ans. 


Ans. 


10. 


Ans. 


11. 


Ans. 


12. 


Ans. 


2 « 
According to Gauss’s law, = fE dS = 4 
E9 

S 


...where [q] is the total charge enclosed by the surface S 


ọ = A -= >, Electric flux, ọ = A 
i E0 Ep 


. Name the physical quantity whose S.I. unit is 


JC-1. Is it a scalar or a vector quantity? 
(All India) 
(i) Physical quantity whose S.I. unit is JC" is 
Electric potential. 
(ii) It is a Scalar quantity. 


. Define electric dipole moment. Write its S.I. 


unit. (All India) 
Electric dipole moment of an electric dipole is 
defined as the product of the magnitude of either 
charge and dipole length. 


, = <—____ 2] ——__> 
p=q(21) +q -q 


S.I. unit of dipole (p ) is coulomb metre (Cm). 


. Why should electrostatic field be zero inside a 


conductor? (Delhi) 
Electrostatic field inside a conductor should be 
zero because of the absence of charge. As in a 
static condition, charge remains only on the 
surface. 


. Why must electrostatic field be normal to the surface 


at every point of a charged conductor? (Delhi) 
So that tangent on charged conductor gives the 
direction of the electric field at that point. 

A charge ‘g’ is placed at the centre of a cube of 
side l. What is the electric flux passing through 
each face of the cube? (All India) 
Electric flux through each phase of the cube 


DE ee A 

6 °F 6£0 
A charge ‘g’ is placed at the centre of a cube of 
side l. What is the electric flux passing through 
two opposite faces of the cube? (All India) 


SEE 
E 3£0 


Depict the direction of the magnetic field lines 
due to a circular current carrying loop. 

(Comptt. Delhi) 
Direction of the magnetic field lines is given by 
right hand thumb rule. 
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13. 


Ans. 


14. 


Ans. 


15. 


Ans. 


16. 


Ans. 


17. 


Ans. 


18. 
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Magnetic field lines 
What is the direction of the electric field at the 
surface of a charged conductor having charge 
density © < 0? (Comptt. Delhi) 
The direction of electric field is normal and in- 
ward to the surface. 
Why do the electric field lines not form closed 
loops? (Comptt. All India) 
Electric field lines do not form closed loops because 
the direction of an electric field is from positive to 
negative charge. So one can regard a line of force 
starting from a positive charge and ending on a 
negative charge. This indicates that electric field 
lines do not form closed loops. 
Is the electric field due to a charge configuration 
with total charge zero, necessarily zero? Justify. 
(Comptt. All India) 
No, it is not necessarily zero. If the electric field 
due to a charge configuration with total charge is 
zero because the electric field due to an electric 
dipole is non-zero. 


Two charges of magnitudes — 2Q and + Q are 
located at points (a, 0) and (4a,0) respectively. 
What is the electric flux due to these charges 
through a sphere of radius ‘3a’ with its centre at 
the origin? (All India) 
Charge Enclosed _ -2Q 

E0 S0 


Flux = 


Two charges of magnitudes -3Q and + 2Q are 
located at points (a, 0) and (4a, 0) respectively. 
What is the electric flux due to these charges 
through a sphere of radius ‘5a’ with its centre at 





the origin? (All India) 
Flux- Charge enclosed o sS 
€0 Fi ` 
-H= 
E0 
Bae 
E0 


Write the expression for the work done on an 


— 
electric dipole of dipole moment p in turning it 
from its position of stable equilibrium to a posi- 
tion of unstable equilibrium in a uniform electric 


ie 
field E. (Comptt. Delhi) 
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24. A point charge +Q is 


Ans. Torque, acting on the dipole is, t = pE sin 0 


02 

© = | pEsino do = @ = pE [cos 8, — cos 9,] 
01 

œ = pE [cos 0° — cos 180°] 


-pp U= CDE 2 


19. Why do the electrostatic field lines not form 


closed loops? (All India) 


Ans. Refer to Q. 14, Page 4 
20. Why do the electric field lines never cross each 


other? (All India) 


Ans. The electric lines of force give the direction of the 


electric field. In case, two lines of force intersect, 
there will be two directions of the electric field at 
the point of intersection, which is not possible. 


21. Two point 


charges ‘g,) and o@¢— 4 ——__ »e....... e 
‘q, are placed ata 4 f2 P 


distance ‘d’ apart 
as shown in the figure. The electric field 
intensity is zero at a point 'P' on the line joining 
them as shown. Write two conclusions that you 
can draw from this. (Comptt. Delhi) 
(i) Two point charges “q,’ and “ q,” should be of 
opposite nature. 
(ii) Magnitude of charge q} must be greater than 
that of charge q». 


22. What is the electric flux through a cube of side 


1 cm which encloses an electric dipole? (Delhi) 


Ans. Zero because the net charge of an electric dipole 


(+q and -q) is zero. 


23. Why are electric field lines perpendicular at a 


point on an _ equipotential surface of a 
conductor? (Comptt. All India) 


Ans. If the electric field lines were not normal to the 


equipotential surface, it would have a non-zero 
component along the surface. To move a unit test 
charge against the direction of the component of 
the field, work would have to be done which 
means this surface cannot be equipotential 
surface. 

Hence, electric field lines are perpendicular at a 
point on an equipotential surface of a conductor. 


: Qe-------- o—-—-—* 
placed at point O as t O A B 


shown in the figure. 
Is the potential difference V, - Vx, positive, 
negative or zero? (Delhi) 


Ans. The potential difference is positive. 
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Ans. 


26. 


Ans. 


27. 


Ans. 


28. 


Ans. 


29. 


Ans. 


Q 


How does the electric flux due to a point charge 
enclosed by a spherical Gaussian surface get 
affected when its radius is increased? (Delhi) 
The electric flux due to a point charge enclosed by 
a spherical gaussian surface remains ‘unaffected’ 
when its radius is increased. 
Show on a plot the nature of variation of the (i) 
Electric field (E) and (ii) potential (V), of a 
(small) electric dipole with the distance (r) of the 
field point from the centre of the dipole. 
(Comptt. Outside Delhi) 


=y 


Does the charge given to a metallic sphere 
depend on whether it is hollow or solid? Give 
(Delhi) 
No, it does not, because the charge resides only on 
the surface of the conductor. 

Draw a plot showing variation of electric field 
with distance from the centre of a solid 
conducting sphere of radius R, having a charge 
(Comptt. Delhi) 


reason for your answer. 


of +Q on its surface. 
Plot between E and r 


A 








R r= 


A point charge +Q is placed in the vicinity of a 
conducting surface. Draw the electric field lines 
between the surface and the charge. 

(Comptt. Outside Delhi) 


Electric field 
lines between 
surface and 
charge. 


+Q 
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Short Answer Type Questions-I (SA-I) 


30. 


Ans. 


31. 


Ans. 


(2 Marks) 


Derive an expression for the torque experienced 
by an electric dipole kept in a uniform electric 
field. (Delhi) 
Consider an electric dipole consisting of charges 
+g and -q and of length 2a placed in a uniform 


3 
electric field E making an angle 0 with it. It has 


a dipole moment of magnitude, 
p= q x 2a 
Force exerted on charge + q by field, 


> > > 
E=gE (along E) 
Force exerted on charge -q by field, 


—- 


> = 
E=qE (opposite to E) 


> a os 
F total =+qE-qE =0 





Hence the net translating force on a dipole in a 
uniform electric field is zero. But the two equal 
and opposite forces act at different points of the 
dipole. They form a couple which exerts a torque. 
Torque = Either force x Perpendicular distance 
between the two forces 
t = gE x 2a sin 8 
T=pEsinO [v 


p = q X 2a; p is dipole moment] 
5 

As the direction of torque T is perpendicular to 

— 


> > > > 
both p and E, so we can write T= pXxE 


Define electric flux. Write its S.I. unit. 

A charge q is enclosed by a spherical surface of 
radius R. If the radius is reduced to half, how 
would the electric flux through the surface 
change? (All India) 
Electric flux over an area in an electric field is the 
total number of lines of force passing through the 
area. It is represented by 9. It is a scalar quantity. 
Its S.I unit is Nm? C71 or Vm. 


1.é.,0 = | E.dS = — 
€ 
5 0 
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Electric flux 0 by qancosed 
So, it is invariant with radius 


Hence the electric flux through the surface of 
sphere remains same. 


32. A spherical conducting shell of inner radius r 
and outer radius r, has a charge ‘Q’. A charge ‘g’ 
is placed at the centre of the shell. 

(a) What is the surface charge density on the (i) 
inner surface, (ii) outer surface of the shell? 
(b) Write the expression for the electric field at a 
point x > r, from the centre of the shell. 
(All India) 
Ans. (a) Surface charge density on the : 
(i) Inner surface of the 
= | 
shell, o,,, tee 
(ii) Outer surface of 
the shell, 


ao 
AT? 


D Y 


Oout 


(b) Electric field at a point x > r, from the centre 


1 g+Q 
Ane, | x? 


33. Show that the electric field at the surface of a 


of the shell will be E = 








charged conductor is given by É = a, where o 
E€ 


is the surface charge density and E is a unit 
vector normal to the surface in the outward 
direction. (All India) 
Ans. Electric field at a point on the surface of charged 
1 Q 
Ane, RÊ 
For simplicity we consider charged conductor as a 
sphere of radius ‘R’. If ‘o’ is in surface charge 
density, then 


conductor, E = 











O = 4nR2o p- 1 4nR*6 _ o 
4neg RŽ Ey 
—_> 
E=-- 4 
E0 


...where [ ñ is a unit vector normal to the surface in the 
outward direction] 


34. A thin straight infinitely long conducting wire 
having charge density A is enclosed by a 
cylindrical surface of radius r and length IJ, its 
axis coinciding with the length of the wire. Find 
the expression for the electric flux through the 
surface of the cylinder. (All India) 

Ans. 


Since the field is everywhere radial, flux through 
the two ends of the cylindrical Gaussian surface is 


Q 
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zero. At the cylindrical part of the surface, E is 
normal to the surface at every point, and its 
magnitude is constant, since it depends only on r. 
The surface area of the curved part is 2nrl, where l 
is the length of the cylinder. 
Flux through the Gaussian surface 

= Flux through the curved cylindrical 

part of the surface 
= E x 2nrl 






AUNE- — 









++++f++++ 


AN 





— —+44+ 


— 
a 
Ner 





(a) Electric field due to an infinitely long thin 
straight wire is radial. 
(b) The Gaussian surface for a long thin wire 
of uniform linear charge density 


The surface includes charge equal to Xl. 
Gauss’s law then gives 


n B- 
2ME gr 


35. Plot a graph showing the variation of coulomb 





force (F) versus (| where r is the distance 
r 


between the two charges of each pair of charges : 

(1 uC, 2 uC) and (2 uC, - 3 uC). Interpret the 

graphs obtained. (All India) 
Ans. For (1 uC, 2 uC) 


9x10°(1x10°)(2x10°) 0.018 
Se ee 


2 
r r 


and for (2 uC, -3 uC) 


F, = 


9x10°(2x10%)(-3x10%)  —0.054 
E I PL 


r r 


F, = 


a, 


7 
@ . 
os Repulsive 


X 





Y “Gy 
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Here positive slope depicts that force is repulsive 
in nature and negative slope depicts that the force 
is attractive in nature. 


36. A hollow cylindrical i 
box of length 1m and 
area of cross-section 
25 cm’ is placed in a 


three dimensional 
e X 
coordinate system as O 
e e E> 
shown in the figure. ee 


The electric field in 
the region is given by 4 


E = 50xi where E is in NC~ and x is in metres. 
Find 
(i) Net flux through the cylinder. 
(ii) Charge enclosed by the cylinder. (Delhi) 
(i) The magnitude of the electric field at the left 
face is 
E=50 NC" 
Therefore flux through this face 
o, = EA cos 0 
= 50 x 25 x 10“ x cos 180° 
= -125 x 10° NC* m? 
The magnitude of 
the electric field 
at the right face is 
E = 100 NC" 
Therefore flux 
through this face 
bp = 100 x 25 x 10* x cos 0° 
= 250 x 10° NC? m’? 
Therefore net flux 
through cylinder is 


dr +, = 125 x 109 NC- m? 


(ii) Charge enclosed by the cylinder ọ = £ 


E0 
Of 0.4%) 
= 125 x 10° x 8.856 x 10 "°C 
=1107 x 10L 


Q = 1.107 pC 


Ans. 





37. Given a uniform electric field E =5x10 i N/C, 
find the flux of this field through a square of 10 
cm on a side whose plane is parallel to the y-z 
plane. What would be the flux through the same 
square if the plane makes a 30° angle with the 


x-axis? (Delhi) 


=> A 
Ans. Given: E = 5x 10° i N/C 


Q 


A = 10 x 10 x 10+ m?, 
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Flux (0) = EA cos 0 
(i) For first case, 0 = 0, cos 0 = 1 
Flux = (5 x 10°) x (10 x 10 x 10%) 
= 50 Nm2C"! 
(ii) Angle of square plane with x-axis = 30° 
Hence the @ will be 90° — 30° = 60° 
EA cos 8 = (5 x 10°) x (10 x 10 x 10-4) x cos 60 


= 50 x : = 25 Nm2C"1 


38. Given a uniform electric field E =2x 103 i N/ 
C, find the flux of this field through a square of 
side 20 cm, whose plane is parallel to the y-z 
plane. What would be the flux through the same 
square, if the plane makes an angle of 30° with 
the x-axis? (Delhi) 

Ans. Similar to Q. 37, Page 7 
| Hint]: (i) 80 Nm2C* (ii) 40 Nm2C1 

39. Given a uniform electric field E =4x10 i N/C. 
Find the flux of this field through a square of 5 
cm on a side whose plane is parallel to the Y-Z 
plane. What would be the flux through the same 
square if the plane makes a 30° angle with the 
x-axis? (Delhi) 

Ans. Similar to Q. 37, Page 7 
|Hint|: (i) 10 Nm?C7 (ii) 5 Nm2C-1 

40. A small metal sphere carrying 
charge +Q is located at the 
centre of a spherical cavity in a 
large uncharged metallic 
spherical shell. Write the 
charges on the inner and outer 
surfaces of the shell. Write the expression for the 
electric field at the point P}. (Comptt. Delhi) 





Ans. (i) Charge on inner surface : -Q 
(ii) Charge on outer surface : +Q 
n > oe I 1 Q 
(iii) Electric field at point P} (E) = Tey y? 


41. An electric dipole is placed in a uniform electric 


> > 
field E with its dipole moment p parallel to 


the field. Find 
(i) the work done in turning the dipole till its 
dipole moment points in the direction 
—> 
opposite to E. 


(ii) the orientation of the dipole for which the 
torque acting on it becomes maximum. 
(Comptt. All India) 


0, T 
Ans. (i) W= frao > | pEsino dO 
0, 0 


= pE[-cos6], 
= pE[(-]) - (1)] 
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= pE[cos m — cos 0] 
= -2pE 
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> > 
(i) T= pXE =pEsin 8 
For 0 = 5, sin 8 = 1 and T is maximum. 


42. A sphere S, of radius r 
encloses a net charge Q. 
If there is another 
concentric sphere S, of 
radius r, (r, > rı) enclosing 
charge 2Q, find the ratio 
of the electric flux through 
S, and S,. How will the 
electric flux through sphere S, change if a 
medium of dielectric constant K is introduced in 
the space inside S, in place of air? 

(Comptt. All India) 





Ans. Flux through S,(0,) = - peal Dy) 
0 
Flux through S,(0,) = wie 2 ... (11) 
<9 =o 
. _ > Q/e _1 
Ratio of flux = b» 30/e, 3 


Therefore, there will be no change in the flux 
through S, on introducing dielectric medium 
inside the sphere S,. 


43. Define the term ‘electric flux’. Write its S.I. 
units. What is the flux due to electric field 


E =3x103i N/C through a square of side 10 


cm, when it is held normal to E? 
(Comptt. All India) 


Ans. Electric flux : Refer to Q. 31, Page 5 
Given: E= 3x103i N/C 
7 S10. de 
A = 10% 10 ems = 100 *Ioo ™ 
n= ExA& =EAcos 0 
[= 8 = 0 and cos 0 = 1 
= EA 
E r 10 10 
= {3 X 107x (o*m) 
= 30 Nm? C71 
Short Answer Type Questions-Il (SA-ID 
(3 Marks) 


44. A thin conducting spherical shell of radius R has 
charge Q spread uniformly over its surface. Using 
Gauss’s law, derive an expression for an electric 
field at a point outside the shell. 


Q 
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Ans. 


45. 


Ans. 


Draw a graph of electric field E(r) with distance 
r from the centre of the shell for 0 < r < œ. 
(Delhi) 

Electric field at a point outside the shell : Refer to 
Q. 62 (a), Page 12 
Graph of electric field E(r) : 

Ti 

Ej E 

Field 








rañ 
Distance from centre > 
State Gauss’ law in electrostatics. Using this law 
derive an expression for the electric field due to 
a uniformly charged infinite plane sheet. 
(Delhi) 
Gauss’ Law states that “the total flux through a closed 


surface 1s + times the net charge enclosed by 
“j 


de = feds =2” 


EQ 
Let o be the surface charge density (charge per unit 
area) of the given sheet and let P be a point at 


—- 
distance r from the sheet where we have to find E. 





Choosing point P’, symmetrical with P on the 
other side of the sheet, let us draw a Gaussian 
cylindrical surface cutting through the sheet as 
shown in the diagram. As at the cylindrical part 


> 
of the Gaussian surface, E and d5 are at a right 


angle, the only surfaces having E and dS 
parallel are the plane ends 


dp = FE.dS+GE.d8 


z f Eas +fEaS - EA + EA = 2EA 


—_> 
...[As E is outgoing from both plane ends, the flux is positive. 


This is the total flux through the Gaussian 
surface. 


Using Gauss’ law, d, = — 


ge la 
eg 0 
= 9, 
2€0 
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. [As g = OA 


46. 


Ans. 


47. 


Ans. 


Q 


This value is independent of r. Hence, the electric 
field intensity is same for all points near the 
charged sheet. This is called uniform electric field 
intensity. 

State ‘Gauss law’ in electrostatics. Use this law 
to derive an expression for the electric field due 
to an infinitely long straight wire of linear 
charge density A cm“. (Delhi) 
Gauss‘s law in electrostatics : It states that “the 


total electric flux over the surface S in vaccum is = 
EQ 
times the total charge (q).” 


Contained in side S 
—> 


E 
a NA k 
a E 





Electric field due to an infinitely long straight 
wire : Consider an infinitely long straight line 
charge having linear charge density A to 
determine its electric field at distance r. Consider 
a cylindrical Gaussian surface of radius r and 
length / coaxial with the charge. By symmetry, the 
electric field E has same magnitude at each point 
of the curved surface S, and is directed radially 
outward. 

Total flux through the cylindrical surface, 


> > > > > > > > 

PE.dS = E.dS,+ $ E .d53+ $ E d5; 
il a2 23 
= fasi cos 0° + f EdS» cos 90° + f EdS3 cos 90° 
71 “2 29 
= Ef dS, = E x 2nrl 
As à is the charge per unit length and / is the 
length of the wire, so charge enclosed is, 
q=Àl 
By Gauss’s theorem : 
n oo or ee 
E09 Eg 
À 
2ME gt 

A positive point charge (+ gq) is kept in the 
vicinity of an uncharged conducting plate. 
Sketch electric field lines originating from the 
point on to the surface of the plate. 
Derive the expression for the electric field at the 
surface of a charged conductor. (All India) 
Representation of electric field. (due to a positive 
charge) 
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48. 


Ans. 


49. 


Ans. 


50. 


xX ath 


Use Gauss’s law to derive the expression for the 
electric field between two uniformly charged 
large parallel sheets with surface charge 
densities © and -o respectively. (All India) 
Refer to Q. 45, Page 8 


= 9. F, = Oo 
2€9 6 1 28) -9 7 
In region I I E a es 
7 E, <— II m 
= — ——} 
1 2£0 Ea — E, 
o Ez o 
E, = — Shae 
2 2E 79 
Total field E, 
= EF +E, 
So E OE 
2Ei 2£0 
In region II 
o o o 
“I= 265" 2e9 eo 
0 o & 
In region III 
o o 
E, = —, E, = - — 
i 2£0 2 2£0 
E = E + E, = a go =0 
Eg 2£0 


State Gauss’s law. 

A thin straight infinitely long conducting wire 
of linear charge density ‘A’ is enclosed by a cy- 
lindrical surface of radius ‘r and length ‘l’—its 
axis coinciding with the length of the wire. 
Obtain the expression for the electric field, indi- 
cating its direction, at a point on the surface of 
the cylinder. (Comptt. Delhi) 
Gauss’s law. Gauss law states that “Total flux (elec- 
tric flux) over the closed surfaces in vacuum is 1/€, 
times the total charge (Q) contained inside S.” 


B.ds-& 


i.e., Q, = 


S 
Refer to Q. 34, Page 6 


(a) Define electric flux. Write its S.I. units. 
(b) Consider a uniform electric field 


= 
E = 3 x10 i NIC. Calculate the flux of this 
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field through a square surface of area 

10 cm? when 

(i) its plane is parallel to the y-z plane, 
and 

(ii) the normal to its plane makes a 60° 
angle with the x-axis. (Comptt. Delhi) 


Ans. (a) Electric flux. Refer to Q. 31, Page 5 


- A 
(b) Given: E=3x10°1 


S = 10 cm? = — L — wm? = 102 m 
1072 x 107? 
(i) Flux (0) =ExS =3 x 10° x 10° 
= 3 Nm2C"1 


(ii) (3 x 103) x (10-3) cos (60°) = 3 x - 
= 1.5 Nm?C-7 


51. Two charged spherical conductors of radii R, 
and R, when connected by a conducting wire 
acquire charges q} and q, respectively. Find the 
ratio of their surface charge densities in terms 
of their radii. (Delhi) 
Two charged spherical conductors of radii R, and 
R, when connected by a conducting wire acquire 
charges g, and q, respectively. Thus these two 
conductors have a common potential V. 


Ans. 

















ye V=- a 
ATEQ Ry ATE ( R, 
i gee mR 
Ri Ry q2 Ro 
di iP 
Oo, = On = 
*  AnR? * 403 
1 
q1 
2 2 2 
Oy _ Any Mi a 
So h h Re Ro Re 
2 
ATR, 
. EE 
[0  Ry 
52. Two point charges + q n 
and -2q are placed at 
the vertices 'B' and 'C' 
of an equilateral ; ; 
triangle ABC of side 
'a' as given in the 
figure. Obtain the +g -2q 
expression for (i) the B a & 


magnitude and (ii) the 
direction of the resultant electric field at the 
vertex A due to these two charges. 

(Comptt. All India) 
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Q 





Ans. (i) Magnitude, 














[-.- cos 120° = — 
= \4E2 +E? —2F? 
= T = qne 
= 43E° = Evo = ge a? 


(11) Direction of resultant electric field at vertex A, 
E jp sin 120° 


1 qv3 











= Ee Eas — 

3 Exy3 
oa ia a 
—1 3E 3 

2E+Ex > 5 
= = = tan 30° 
a = 30° (with side AC) 
53. Two point charges 

+ 3g and — 4q are placed A 


at the vertices 'B' and 'C' 
of an equilateral triangle 
ABC of side 'a' as given 
in the figure. Obtain the 
expression for (i) the 
magnitude and (ii) the +31 aa 
direction of the resultant B a C 

electric field at the vertex A due to these two 


charges. (Comptt. All India) 
Ans. (i) Magnitude, 
>- 1 8A 1 g 
Bap! Gre, 2 = OE, where e-—t4| 
ol 49 _ 


E = ,|(E)2 +(4E)2 +2(3E)x(4E) x - 5] 
-- @ = 120° 
| cos 9 = a 
2 
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= /9E2 +16E2 —12E2 
= /13E2 = E13 = 


(11) Direction, 


1 gV13 








V3 
IEgpisin120° = SEX 


tan Q= — “822 = — ó 
TE, 1+ 1E,.1cos120° 
a aa 1£+3Ex-{5| 


2 


3EV3 x2 eE a œ = tan! 232) 


O Er 


54. p is 


placed in a uniform electric field F. Obtain the 


An electric dipole of dipole moment 


expression for the torque experienced by the 


dipole. Identify two pairs of perpendicular 

vectors in the expression. (Comptt. Delhi) 
(i) Refer to Q. 69, Page 16 

(ii) Two pairs of perpendicular vectors are, 


Ans. 


(a) T is perpendicular to P 


(b) 7 is perpendicular to E 


(a) Two spherical conductors of radii R, and R, 
(R, > R,) are charged. If they are connected 
by a conducting wire, find out the ratio of 
the surface charge densities on them. 

A steady current flows in a metallic 
conductor of non-uniform cross-section. 
Which of these quantities is constant along 
the conductor : current, current density, 
electric field, drift speed? (Comptt. Delhi) 
When two charged spherical conductors of 
Radii R, and R, respectively (R, > R,) are 
connected by a conducting wire, we know 
that the common potential (V) is given by, 


55. 


(b 


Vw 


Ans. (a 


a a 





Vain 
my © 
C for a spherical conductor, C = 4nre R, 
mM  _ h A, 
We have, mR ame,R, FR R 
R 
= Mit 
h R 
2 
© _ 4 z ETER Te q 
O q l Ane,R? 
2 Ame Rk; 2 0 
2 2 
2 Mig a Pi a 
G22 Re ae Re 
f2 Ri 2 Ri 1 
© _R, 
o Ry 


(b) Current 


56. A charge is distributed uniformly over a ring of 
radius ‘a’. Obtain an expression for the electric 


Q 
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intensity E at a point on the axis of the ring. 
Hence show that for points at large distances 
from the ring, it behaves like a point charge. 
(Delhi) 
Ans. Electric Intensity on the axis of a ring: 


+ dEcos 0 





2na 


Net electric field at point P = Í dE cos® 


0 
dE = Electric field due to a small element 
having charge dq 














-1 4 
ATE, r2 
Let à = Linear charge density = 5 
dq = hdl 
2na 
Hence, E = Í a a, where cos 0 = Ž 
4nEg r r r 
ee: z (2na) 
ATE gr 
os — where total charge Q 
ATE, = 
(x? + a*)2 
= À x 2na 
At large distance t.e. x >> a 
oe ee 
ATE, x? 
This is the Electric Field due to a point charge at 
distance x. 


57. Two thin concentric and coplanar spherical 
shells, of radii a and b (b > a) carry charges, q 
and Q, respectively. Find the magnitude of the 
electric field, at a point distant x, from their 
common centre for 
(i) 0<x<a (ii) a < x < b 
(iii) b < x < œ% (Comptt. Delhi) 
Magnitude of Electric field : Two thin concentric 
and coplanar spherical shells of radii ‘a’ and ‘b’ (b 
> a) carry charges ‘q’ and ‘Q’ respectively. 
(i) FrO<x<a 
Point lies inside both the spherical shells. 
Hence, E(x) = 0 


Ans. 


y 


WW.JEEBOOKS.IN 


12 Shiv Das Chapterwise Question Bank (Physics XII) 


(ii) Forasx <b 
Point is outside the spherical shell of radius ‘a’ 
but inside the spherical shell of radius “b. 


1 4q 


E(x) = l 
~ ATEQ x2 





(iii) For b < 
X < 00 
Point is outside of both the spherical shells. 
Total effective charge at the centre equals 
Q + 9). 


E(x) = 1 (+Q) 


Ane) x? 

58. A charge +Q, is uniformly distributed within a 
sphere of radius R. Find the electric field, due to 
this charge distribution, at a point distant r from 
the centre of the sphere where : 

Gi) 0O<r<R and (ii) r> R 
(Comptt. Outside Delhi) 


Ans. We have 


E = 





q Í . 
—, for a point charge 
Ane, r? . g 


Now (volume) charge density 





_ Q 

Go 

3 
(i) <. Charge contained within a sphere of 
radius r, (0 <r < R) 
; AN 4 Q AN 3 p 
= p. ——. = x —. = —} 
Q’ =p ae Tas zT z3 
3 


Electric Field 


i. o 1 r° 1 Q 
E= * = x(Q)2, =| ——.—. 
Ane, 2 i | (Q) R3 = R3 r) 


1 Or 
Ane) RË 
(1) Forr>R 
Electric field due to a point charge (assumed 
to be kept at centre) at distance ‘7’ : 
1 Q 


ANE 














2 


59. (i) Derive the expression for electric field at a 
point on the equatorial line of an electric 
dipole. 

(ii) Depict the orientation of the dipole in 
(a) stable, (b) unstable equilibrium in a 
uniform electric field. (Delhi) 

(i) Refer to 0.66, Page 14 

(ii) (a) For stable equilibrium, the angle between 

p and E is 0°, 


Ans. 
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Q 





(b) For unstable equilibrium, the angle 
between p and E is 180°, 


— C 


nm > 
+q E | E 


— C 
— C 


60. (i) Obtain the expression for the torque ? 
experienced by an electric dipole of dipole 


= e e e 
moment p ina uniform electric E. 


(ii) What will happen if the field were not 
uniform? (Delhi) 
(i) Refer to Q. 69 (a), Page 16 
(ii) If the electric field is non uniform, the dipole 
experiences a translatory force as well as a 
torque. 
61. State Gauss’s law in electrostatics. Derive an 
expression for the electric field due to an 
infinitely long straight uniformly charged wire. 
(Comptt. Delhi) 
Gauss Theorem : The surface integral of electric 


Ans. 


Ans. 


field over a closed surface is equal to = times the 
E0 


charge enclosed by the surface. 


> > q 
Alternatively, f E.ds= = 
0 


Expression for electric field 
Flux through the Gaussian 
surface 

= Flux through the curved 
cylindrical part of the 


— 








P r 

surface l 
= E x 2nrl 5 i 
Charge enclosed by the oe S 
surface = Al C P 

Àl 
=> E x 2nrl = — 

€0 
or = A 

2TEQr 


Long Answer Type Questions (LA) 
(5 Marks) 


62. (a) Using Gauss’ law, derive an expression for 
the electric field intensity at any point 
outside a uniformly charged thin spherical 
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shell of radius R and charge density o C/m?. 
Draw the field lines when the charge 
density of the sphere is (i) positive, 
(ii) negative. 

(b) A uniformly charged conducting sphere of 
2.5 m in diameter has a surface charge 
density of 100 uC/m?. Calculate the 

(i) charge on the sphere 
(ii) total electric flux passing through the 
sphere (Delhi) 

(a) (i) To find out electric field at a point 

outside a spherical charged shell we 
imagine a symmetrical Gaussian surface 
in such a way that the point lies on it. 


Ans. 


> > g 
From Gauss’s theorem, ọ = fE Aoa 





S “0 
Flux o through S’ 
> > 
= $E.dS =$ Eds =EAny? 
S’ S 
=> E4nr = In 
E0 
XxX 
wae 
7 ds 
| aa Surface 
Charge 
Density 
(ii) 
for q > 0 for q <0 
n ae 25 5 
(b) (1) Given: r= => ™ o = 100 uC/m 


Charge on the sphere, Q = 0.4117 


55 \ 
or Q= 100 x 10% x 4 x 3.14 x (25 


= 19.6 x 10% C = 1.96 x 10°C 
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(ii) Flux passing through the sphere 


Q 19.6 x 1074 
= — or 9 = —— 
j Ep ? 8.85 x 10712 


“= 2.2 x 108 Nm?/C 
63. (a) Define electric flux. Write its SI units. 
(b) The electric field components due to a 
charge inside the cube of side 0.1 m are as 


shown : 
E, = ax, where a = 500 N/C™ 
E, = 0, E, = 0. 


y 





Z 


Calculate 
(i) the flux through the cube, and 
(ii) the charge inside the cube. (All India) 
(a) Electric flux through a surface represents the 
total number of electric lines of force crossing 
the surface. 
oem. unit is Nm? C7. 
(b) (i) Flux through R.HLS. of the cube is 


Ans. 


o, = Ex,.A a 
= (ax) . (I)? ~ @ = 500 N/C™ 
= (500 x 0.2) (0.1)7} x=02m 
= INm2 C- I= 0.1 m 
(ii) Flux through L.H.S. of the cube is 
= Ex,. A 
05) l ae r TE S 
` x= 0.1 
~ ~(500 x 0.1) OD lerim 
= —0.5 Nm2/C a = 500N/C-™ 


Net flux ọ = 0, + Q, 
=1-05=0.5 Nm7/C 
(iii) As ọ = —L 
EQ 
= q = 8.854 x 107! x 0.5 = 4.4 x 10-1? C 


~ Gg=€& 0 


64. (a) Define electric flux. Write its S.I. units. 

(b) Using Gauss’s law, prove that the electric 
field at a point due to a uniformly charged 
infinite plane sheet is independent of the 
distance from it. 

(c) How is the field directed if (i) the sheet is 
positively charged, (ii) negatively charged? 

(Delhi) 

(a) Electric flux : The electric flux through a given 

area held inside an electric field is the measure 
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(b) 


(c) 


65. (a) 


(b) 


Q 


of the total number of electric lines of force 
passing normally through that area. 
S.I. units of electric flux = NC-!m?2 = Nm2?C or Vm 


Ta 
Mathematically, od, = fE As 


S 
Consider a thin, infinite plane sheet of charge 
with uniform surface charge density ©. We 
wish to calculate its electric field at a point P 


at distance r from it. 
Plane sheet, 
charge density o 








Cross-sectional 
area A 

By symmetry, electric field E points 
outwards normal to the sheet. Also, it must 
have same magnitude and opposite direction 
at two points P anel P’ equidistant from the 
sheet and on opposite sides. We choose 
cylindrical Gaussian surface of cross- 
sectional area A and length 2r with its axis 
perpendicular to the sheet. 
As the lines of force are parallel to the curved 
surface of the cylinder, the flux through the 
curved surface is zero. The flux through the 
plane-end faces of the cylinder is : 

QE = EA + EA = 2EA 
Charge enclosed by the Gaussian surface, 





q = CÀ 
According to Gauss’s theorem, 
d, = L n 2EA = S 
£0 Eq 2€p 


Clearly, E is independent of r, the distance 
from the plane sheet. 


oo 
<— — 
a <— 
—> 
i -5 <— 
s 5 <—— 
— 
<— E 


(7) (ii) 
(i) For positively charged sheet > away 
from the sheet 
(ii) For negatively charged sheet — towards 
the sheet 
Define electric flux. Write its S.I. unit. 
A small metal sphere 
carrying charge +Q is 
located at the centre of 
a spherical cavity in- 
side a large uncharged 
metallic spherical shell 
as shown in the figure. 
Use Gauss’s law to find 
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the expressions for the electric field at points 
P} and P,. 
(c) Draw the pattern of electric field lines in 
this arrangement. (Comptt. All India) 
(a) Electric flux : Refer to Q. 64 (a), Page 13-14 
(b) Calculation of electric field at point P: 
Net charge enclosed by the Gausstan surface is 


+Q 


Ans. 


igi a 


\ 
I r \ 
I l 
] i 
\ I 
\ / 


. Cavity x 
N 7 


Gaussian surface passing 
through point P4 


“N 1 


Po~ Lc 


——_— 


As electric field of positive charge is radially 
outwards, it is parallel to the area vector on 
the surface chosen. 





= 
ne f E.da? = $ E. ds cos0° = = 
€0 
E fds = Š dg e 
0 EQ 
E-L 
ATE or 


As point P, lies inside the metal, therefore 
electric field at point P, is zero. 


(c) 





Electric field lines 


66. Define electric dipole moment. Is it a scalar or 
a vector? Derive the expression for the electric 
field of a dipole at a point on the equatorial 
plane of the dipole. (All India) 


Ans. Electric dipole moment : It is the product of the 
magnitude of either charge and distance between 
them. 

= 
g =qgXxX2l 


< 2l > 
E. t] 


It is a vector quantity whose direction is from 
negative to positive charge. 
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Expression : 
Electric field intensity at P due to +q charge is 





E, sie oe along PD 
ATEQ BP* 
_ 4 q 


along PD ...(i) 


Arey (r° + 1°) 
Electric 


ae 1 q 
E = ie, ae p? along PC 


field intensity at P due to -q charge is, 


= E. along PC ...(ii) 


Amey (r? + I*) 





1 q 
4néy (r? + 1°) 
...(iii) 


intensity due to the electric 





From (i) and (ii), |E] =|E.| = 


Net electric field 
dipole at point P 





12 + 2E_E_ cos?7@ 


+ 





E = 


2E2(1 + cos20) 


E = ,J2E* 2cos*@ 


E = 2E, cos 0 = 2 x 


(1 + cos 20 = 2 cos? 0) 


a cos 0 

ATE, (r“ + I“) 
[Using equation (ii1)] 
l 


yr? +17 





Now from AOAP, cos 8 = 





1 q l 
a a, 
neg (1 +P) (+P)? 
E- gX 2l 


areo ar ~ 


Since q x 21 = p ...(p is dipole moment) 
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— P . 
k= tne? + BS? along (—)x-axis 


If 1 << r ie. dipole is short, then [* can be 
neglected as compared to r?° 


Hence ae along (—)x-axis 


Using Gauss’ law deduce the expression for the 
electric field due to a uniformly charged 
spherical conducting shell of radius R at a point 
(i) outside and (ii) inside the shell. 

Plot a graph showing variation of electric field 
as a function of r > R and r < R (r being the 
distance from the centre of the shell) (All India) 


















(1) Field Outside Shell 
Consider a thin sage A i E 
spherical shell of radius ka Š 
R with centre O. Let / | 
charge +q be distributed | i 
uniformly over the ‘ J 
surface of shell. To 
calculate electric field Sa aa 
intensity at P where OP = r, imagine a sphere 
S, with centre at O and radius r. The surface 
of sphere is Gaussian surface over at every 
point. Electric field is same and directed 
radially outwards. 
Applying Gauss’ theorem 
> > i 
pE.dS = 1 = E= ' 
5 0 egénr“ 
=> E= i - [S = 4nr2 
4regr” 
+» 
[r is distance of point P from centre where 
E is calculated] 
(ii) Inside Shell : As we know charge is located 
on its surface, 
4 
E.dS = (q = 0) Hence, E =0 
0 
(iii) atr < R, Ẹ is zero and 
atr = R, E is maximum 
at r > R, E is decreasing 
= 
at E œ 2 
Using Gauss’s law, derive the expression for the 


electric field at a point (i) outside and (ii) inside 
a uniformly charged thin spherical shell. Draw a 
graph showing electric field E as a function of 
distance from the centre. (Comptt. All India) 
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69. 


Ans. 
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Electric field due to a uniformly charged spherical 
shell : 

Suppose a thin spherical shell of radius R and 
centre O 

Let the charge + q be distributed over the surface 
of sphere 


— 
Electric field intensity E is same at every point 


on the surface of sphere directed directly out- 
wards 
Let a point P be outside the shell with radius vector 


— Fi A 
r and small area element dS = ndS 


According to the Gauss’s law 











fE. dS=4 
Eo 
= feas- 
E0 
= A 
Since E and n are in the same direction 
E 4n? = 4 = B= —— 1 
Eg ANE, r 
: E l #a 
where [Vectorially, E = —r 
ANE, r2 


(i) If o is the surface charge density on the shell, 
then q = 4rR? 
1 4nR2o _ 
aney R? 0 
(ii) If the point P lies inside the spherical shell, 
then the Gaussian surface encloses no charge 
g=0 Hence E = 0. 








(a) Deduce the expression for the torque acting 


on a dipole of dipole moment p in the 


= 
presence of a uniform electric field E 


Consider two hollow 

concentric spheres, S, 4Q 

and S, enclosing 

charges 2Q and 4Q S, 

respectively as shown 

in the figure. 

(i) Find out the ratio 
of the electric flux 
through them. 

(ii) How will the electric flux through the 
sphere S, change if a medium of 
dielectric constant ‘g’ is introduced in 
the space inside S, in place of air? 
Deduce the necessary expression. 

(All India) 

(a) Torque on electric dipole. Consider an 

electric dipole consisting of two equal and 


(b 


wy 
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opposite point charges separated by a small 
distance 2a having dipole moment 


| pl =q (2a) 





Dipole in a uniform electric field 


Let the dipole held in a uniform external 
— 
electric field E at an angle 0 


—5 
n Force on charge (+4) = qE along the 


e e = 
direction of E 


— 
Force on charge (-q) = -q E along the 


— 
opposite direction of E 
.. Net translatory force on the dipole 


> > 
=qgE -gE =0 
So net force on the dipole is zero 


—> 
Since E is uniform, hence the dipole does 


not undergo any translatory motion. 
These forces being equal, unlike and 
parallel, form a couple, which rotates the 
apo in clock-wise direction 
Magnitude of torque = Force x arm of 
couple 
t = F. AC = gE. AB sin 0 = (gE) 2a sin 8 
or T = g(2a) E sin 8 


or T=pE Sin 0 [<p = q(2a)] 
+ > = 
tapxE 


[The direction of T is given by right hand screw rule and 
= => 
is normal to p and E. 


Special cases 
(i) When 9 = 0 then t = PE sin 0 = 0 
. Torque is zero and the dipole is in stable 
equilibrium. 
(ii) When 0 = 90° then 7 = PE sin 90° = PE 
.. The torque is maximum 


(b) (i) Ratio of flux 


We know electric flux () = Q 
£0 


Thus, 6, due to S} zo f 
EQ 
2Q+4Q _6Q 


Eo €0 
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þ, due to S, = 


70. 


Vw 


(a 


(b 


Vw 


Ans. (a 


Ne 


Q 


2 _6Q/&_3 , 


<.. Ratio =3:1 
6; 2Q/e 1 
(ii) ¢,, = 22x+ 
Eo €; 


Electric flux through the sphere S, 
decreases with the introduction of 
dielectric inside it. 


An electric dipole of dipole moment 


p consists of point charges +q and -q 
separated by a distance 2a apart. Deduce 


the expression for the electric field E due to 


the dipole at a distance x from the centre of 
the dipole on its axial line in terms of the 


dipole moment 7. Hence show that in the 


—> 
limit x >> a, E——>27/ (4ne,x°). 


Given the electric 











field in the region 4 
> r 
E =2xi, find the 
net electric flux 
through the cube 
and the charge ‘4 
enclosed by it. a 
Z 
(Delhi) 
Expression for magnetic field due to dipole 
on its axial lane : 5 r 
- Eq Ey 
as © S eee d 3 
d 2a ——_»> i 
<— x —— > 


Electric field intensity at point P due to 
charge —g, 
a l 





E = Tre wae) 
Due to charge +g, 
oe (i 
+q ~ ane,’ — (x —a)? 


> > > 
Net Electric field at point P, E = E_ n E, ; 


|e) 








(x +a) 
— 1 4agx (2) = 1 aera ) 
Ane, | (x7 —a*)? AME) (x? 
me 1 2px a 
~ Ame, (x2 — a2)? A =A X 2a) 
For x >> a 
z 1 2p. 
-FE 22x, 4A = kel 
(x4 — af) ~ x E ame, “33 x 
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(b) Only the faces perpendicular to the direction 


(a 


(b 


(a 


(b 


) 


) 


= 


j a 


of x-axis, contribute to the Electric flux. The 
remaining faces of the cube give zero 


Z 
Total flux > = 6, + Oy 


>> LD >S 

= $ E.ds+$ E.ds = 0 + 2(a) . a2 
I II 

o = 2a’ 


Charge enclosed (q) = QE) = 2a°€, |- b= — 
0 


Define electric flux. Write its S.I. unit. 
“Gauss’s law in electrostatics is true for any 
closed surface, no matter what its shape or 
size is”. Justify this statement with the help 
of a suitable example. 

Use Gauss’s law to prove that the electric 
field inside a uniformly charged spherical 
shell is zero. (All India) 
Electric flux. The electric lines of force pass- 
ing through that area, when held normally to 
the lines of force. 


> 2 
Mathematically, 0, = f ELAD 


S.I. units : Vm, Nm2C-1 
Gauss’s Law states that the electric flux 
through a closed surface is given by 

b = 

<0 

The law implies that the total electric flux 
through a closed surface depends on the quan- 
tity of total charge enclosed by the surface, and 
does not depend on its shape and size. 
For example, net charge enclosed by the elec- 
tric dipole (g, —q) is zero, hence the total elec- 
tric flux enclosed by a surface containing 
electric dipole is zero. 
Electrical field inside a uniformly charged 
spherical shell. Let us consider a point ‘P’ 
inside the shell. The Gaussian surface is a 
sphere through P centred at O. 
The flux through the Gaussian surface is E x 
Anr?. 
However, in this case, the Gaussian surface 


encloses no charge. Gauss’s law then gives 
E x 4nr* = 0 
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or E=0 1 q? Q 1 Q2 0 Q2 
ark =ela| = cla 72] = 3c 
that is, the field due to a uniformly charged 0 
thin shell is zero at all points inside the shell. If V is the final potential difference 
between capacitor plates, then Q = CV 
a charge Gaussian | CV)? 1 , 1 
ensity SAGE n». We C 5CV = 5 QV 


This work is stored as electrostatic 
potential energy of capacitor i.e., 
Electriostatic potential energy, 


2 .. tae E. 
U= 56 = 5 CV = 5 QV 
(ii) Expression for Energy Density. 


Consider a parallel plate capacitor 
consisting of plates, each of area A, 





72. (a) Derive the expression for the energy stored 


in a parallel plate capacitor. Hence obtain separated by a distance d. If space 
the expression for the energy density of the between the plates is filled with a 
electric field. medium of dielectric constant K, then 
(b) A fully charged parallel plate capacitor is Ke. A 
connected across an uncharged identical Capacitance of capacitor, C = A 





capacitor. Show that the energy stored in 
the combination is less than that stored 
initially in the single capacitor. (All India) 
Ans. (a) (i) Energy of a parallel plate capacitor. 


If o is the surface charge density of 
plates, then electric field strength 
between the plates 


Consider a capacitor of capacitance C. Initial Pe oO ee ke. fF 
char lates i Initial potential Keo i 
ge on plates is zero. Initial potentia 
difference between the capacitor plates is Charge on each plate of capacitor 
zero. Let a charge Q be given to it in small Q = 0A = Ke, EA 
steps. When charge is given to capacitor, the .. Energy stored by capacitor, 
potential difference between its plates 2 (Ke EA) 1 
increases. Let at any instant when charge on v= a = Ke- A/d) =5 Ke, E*Ad 
capacitor be g, the potential difference But Ad = | : f b 
between its plates be, ut a = T, volume or space etween 
capacitor plates 
V= é .. Energy stored, 


Now work done in giving an additional 
infinitesimal charge dq to capacitor 


dW =V dq = & dq 


U = 5Ke, E1 
Electrostatic Energy stored per unit 
U 


A B volume, U, = Pia = Ke, E? 
+|+Q -Q This is the expression for electrostatic energy 
X density in medium of dielectric constant K. 
ve—|; —— oV, In air or free space (K = 1), therefore 
i energy density, U, = =£ E 
T (b) The energy of the capacitor when fully 
p charged is 
a E 19 | 
E; = ie ...(1) 


The total work done in giving charge 
from 0 to Q will be equal to the sum of 
all such infinitesimal works, which may 
be obtained by integration. Therefore be distributed equally, - on each of the 
total work capacitors, then 


2 
3) (i) 


C 


When this charged capacitor is connected to 
an identical capacitor C, then the charge will 


Q Q 
w=fva = féa o 
0 0 1> 
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2 
; 
1 o 
zC ...(i11) 
The energy stored of the combination, 
Adding (ii) and (iii), we have 
_ -18 17 _1¢ | 
On comparing (i) and (iv), we have 


Similarly, E, = 





Hence, the total energy stored is half of that 
stored initially in one capacitor which means 
the energy stored in combination is less than 
that stored initially in the single capacitor. 


73. (i) Use Gauss’s law to find the electric field 
due to a uniformly charged infinite plane 
sheet. What is the direction of field for 
positive and negative charge densities? 

(ii) Find the ratio of the potential differences 
that must be applied across the parallel and 
series combination of two capacitors C, and 
C, with their capacitances in the ratio 
1: 2 so that the energy stored in the two 
cases becomes the same. (All India) 

(i) Refer to Q. 64 (b) and (c), Page 13 

(ii) When two capacitors are connected in series 

1-1, ao ce fv 
CC. Gy 3 © CC, +Cp 
When connected in parallel, C, = Ci + C, 


(iù 


Ans. 





Given : C} : C, : 1:2 or C, = 2C} 
1 

U, = z CVs Up= 
: ea 


1 2 
z Cp Vp 


= Vseries — d 


V parallel C s 





(Cy + C2)(C1 + Co) 
CiC, 


Cy + C,)? Bi (Cy F y 
CiC> Cy x 2C} 
G 3 
oC 


( 
(3 





NI 
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Derive an expression for the electric field 
E due to a dipole of length ‘2a’ at a point 
distant r from the centre of the dipole on 
the axial line. 

Draw a graph of E versus r for r >> a. 

If this dipole were kept in a uniform 
external electric field E, diagrammatically 
represent the position of the dipole in 
stable and unstable equilibrium and write 
the expressions for the torque acting on the 
dipole in both the cases. (Outside Delhi) 


(a) Refer to Q. 70 (a), Page 17 


(b) Graph 


(c) 


between E 
Vsr 





(i) Diagrammatic representation 
(11) Torque acting on these cases 
(i) In stable equilibrium, torque is zero 


(0 = 0) 
—> 
—___________________»F 
ee 
a: p 
q +q = 
E 


Stable equilibrium 


(ii) In unstable equilibrium also, torque is 
zero (0 = 180°) 


— 


[et = p x E = pE sin 0] 


—> 
ee 
p E 





+ m +> 
* E 
Unstable equilibrium 
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2. Electrostatic Potential 


and Capacitance 





QUICK REVISION OF THE CHAPTER 


1. Electrostatic potential. The Electrostatic potential at a point is defined as amount of work done per unit positive test charge 
in moving the test charge from infinity to that point against the electrostatic force due to the electric field, 


. l Work 
Electrostatic potential(V) = Meroe) or V= : A 
Charge ANEg r 





2. Electric potential difference. It is defined as the amount of work done per unit positive test charge in bringing a small positive 
charge from the point of lower potential (A) to the point of higher potential (B) along any path 

















a == a 4 = a where [r, and r} are position vectors of points A and B respectively. 
q ANEg | TA 
3. Potential due to a point charge. Electric potential due to a single charge Q is given by, V = Fi ae 
TEQ r 
A zn og . . n ii E 1 pcos® 
4. Potential due to an electric dipole. Potential at a point due to electric dipole is given by V = Ten 
TEQ r 
(i) Potential on the axial line (0 = 0, n) S Vof : es 
4T €0 r2 
' =e . l 0 
(ii) Potential in the equatorial equation plane | 0 = = AS à O 20 
2 ANE€g r2 


5. Equipotential surface. The surface at every point of which the electric potential is same, is called equipotential surface. 
Properties: (i) Two equipotential surfaces can never intersect each other. 
(ti) Work done in moving a charge over an equipotential surface is zero. 
6. Potential gradient. The rate of change of potential with distance at a point is called potential gradient at that point. 


dV 
dr 
Its SI unit is volt metre ~! (Vm ~?) 
7. Potential energy of a system of charges: 


1 q1q2 
4TEg N2 


1 ae i q143 i a] 


(i) Potential energy of a system of two charges q, and q, is U = 


(ii) Potential energy of a system of three charges q,, q, and q; is U = 
4neg | 2 3 123 


8. Potential energy of a system of two charges in an external field. The potential energy of a system of two charges q, and q, 


= Fa ! = 
located at ™ and r in an external field E is 


Bz -> 192 
U = q, V V m 
qı (7) + Qo 2] = ANEQN2 


9. Potential energy of a dipole in an external field. Electric potential energy of a dipole in an electrostatic field is given by 


U =- pE cos 0 = — pE where [0 is the angle which dipole makes with the direction of an electric field.] 
10. Conductors. Those substances which permit the flow of charged particles through them are called conductors. They may be 
classified into two categories: 
(i Metallic conductors (ii) Ionic conductors. 
11. Insulators (Dielectrics). Those materials which do not have free electrons are called insulators or dielectrics. 
Example: Glass, mica, wax, plastics etc. 
12. Behaviour of a charged conductor: 
(i Charges reside only at the surface of the charged conductor. 
(ii) The electric potential is constant at the surface and inside the conductor. 
(iii) The electric field is zero inside the conductor. 
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13. Polarisation. The stretching of the atoms of a dielectric slab under the action of an applied electric field is called polarisation. 
It is defined as the dipole moment per unit volume. 


It is given by p = yy E where [ 7, is the electric susceptibility of the dielectric medium.] 


14. Capacitor. The capacitor is an arrangement for storing a very large amount of charge. It is also known as condenser. 
15. Capacitance. The potential difference V across a conductor is proportional to charge g. 


Then the ratio 4 is a constant. E C= z 


The constant C is called the capacitance of the conductor. Its SI unit is farad (F). 
16. Parallel plate capacitor. A parallel plate capacitor consists of two parallel conducting plates having cross-section area A 
separated by a small distance d. Its capacitance is given by 





A os 
Coe .. (when air is between the plates) 
EgkA ae 
C= F .. (when dielectric is between the plates) 
17. Capacitance of an isolated spherical conductor. Capacitance of an isolated spherical conductor is given by 
C = 4neyr where [r is the radius of the spherical conductor.] 
18. Sphercial capacitor. Capacitance of spherical capacitor is 
4 i : : 
C= oe where [r, and r, are the radii of outer and inner spheres respectively.] 
n = 


19. Cylindrical capacitor. Capacitance of cylindrical capacitor is given by 


C = 2ne l E 2nEQ ahol and r, are the radii ofinner and outer cylindrical shells. 
oF a lis the length of the either cylindrical shell. 
2 2 
loge| — 23os1ogio| 
Al al 


20. Capacitors in series. The total capacitance C is given by 
eee a ea where [C,, C,, C, ... are individual capacitances.] 
C 0 G © 


21. Capacitors in parallel. The total capacitance C is given by 


C=C +C, +C +... where [C,, C,, C, ... are individual capacitances.] 
22. Energy stored in a capacitor. The energy U stored in a capacitor of capacitance C with charge q and voltage V is 
2 
u-tw- dlor 1 
2 2 2 C 


23. Electric energy density. The energy per unit volume in a region with electric field is given by energy density = Z eE? 


24. Dielectric constant. The ratio of the strength of the applied electric field to the strength of reduced value of electric field on 
inserting the dielectric slab between the plates of a capacitor is called the dielectric constant of the slab. 
The dielectric constant K of the insulating substance is given by C = KC, 

25. Effect of dielectric in a capacitor. When a dielectric slab of dielectric constant K and thickness t< dis placed between the plates 
of a parallel plate capacitor, the capacitance of the capacitor is 


Volt or V 
Vm! 

J 

Farad, F 

No unit 


Potential 
Potential gradient 


Potential energy 
Capacitance 
Dielectric constant 


sl ROOG 


Polarisation Cm~ [LAT] 
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1. 


Ans. 


Ans. 


Ans. 


Ans. 


Ans. 


Q 


Shiv Das Chapterwise Question Bank (Physics XII) 


Previous Years’ CBSE Examination Questions 
Very Short Answer Type Questions (VSA) 


(1 Mark) 


A 500 uC charge is at the centre of a square of 
side 10 cm. Find the work done in moving a 
charge of 10 uC between two diagonally 
opposite points on the square. (Delhi) 
The work done in moving a charge of 10 uC 
between two diagonally opposite points on the 
square will be zero because these two points will 
be at equipotential. 


. What is the electrostatic potential due to an 


electric dipole at an equatorial point? (All India) 
Electric potential at any point in the equatorial 
plane of dipole is Zero. 


. What is the work done in moving a test charge 


q through a distance of 1 cm along the equatorial 
axis of an electric dipole? (All India) 
Since potential for equatorial axis 

V=0 W =qV =0 


. Define the term ‘potential energy’ of charge ‘g’ 


at a distance ‘r in an external electric field. 
(All India) 
It is defined as the amount of work done in 
bringing the charge from infinity to its position in 
the system in the electric field of another charge 
without acceleration. 
V = Er. 


. A point charge Q Q 
e e o— 
is placed at point ọ A B 


O as shown in the 

figure. Is the potential difference V, - Vz, 
positive, negative or zero, if Q is (i) positive 
(ii) negative? (Delhi) 
Clearly, 


vy.-v,=(— #4 |_|). 4 
A B | 4me) OA} | 4me, OB 


_4 | 11 | 
E ATEQ OA OB 
As OA < OB, so the quantity within bracket is 
negative. 
(i) If q is positive charge, V4 — Vp = negative 
(ii) If q is negative charge, V, — Vp = positive 





. A hollow metal sphere of radius 5 cm is charged 


such that the potential on its surface is 10 V. 
What is the potential at the centre of the sphere? 
(All India) 
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Ans. 


Ans. 


Ans. 


Ans. 


10. 


Ans. 


11. 


Ans. 


12. 


Ans. 


. Why is 


The electric field inside the shell is zero. This 
implies that potential is constant inside the shell 
(as no work is done in moving a charge inside the 
shell) and, therefore, equals its value at the 
surface, which is 10 V. 


. A hollow metal sphere of radius 10 cm is 


charged such that the potential on its surface is 
5 V. What is the potential at the centre of the 
sphere? (All India) 
Hollow metal sphere behaves as an equipotential 
surface, so the potential at its centre will be 5 V. 


electrostatic potential constant 
throughout the volume of the conductor and has 
the same value (as inside) on its surface? (Delhi) 
Electric field inside the conductor = 0 

dV 


=> — =0 .. V = constant 
dr dr 


. Distinguish between a dielectric and a conduc- 


tor. (Comptt. Delhi) 


Dielectric Conductor 


Conductors are the sub- 
stances which can be 
used to carry or conduct 
electric charge from one 
place to the other. 


Dielectrics are the in- 
sulating materials 
which transmit electric 
effects without con- 
ducting. 





Why must the electrostatic potential inside a 
hollow charged conductor be the same at every 
point? (Comptt. All India) 
Inside the hollow charged conductor, electric field 
is zero therefore no work is done in moving a 
small test charge within the conductor. Hence 
electrostatic potential inside a hollow charged 
conductor is same at every point. 


What is the geometrical shape of equipotential 
surfaces due to a single isolated charge? (Delhi) 
Concentric spheres with a gap between them not 


being uniform as V œ 


Two charges 2 uC and -2uC are placed at points 
A and B 5 cm apart. Depict an equipotential sur- 
face of the system. (Comptt. Delhi) 





Equipotential surfaces of the system 
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13. 


Ans. 


14. 


Ans. 


15. 


Ans. 


16. 


Ans. 


17. 


Ans. 


18. 


Chapter 2 : ELECTROSTATIC POTENTIAL AND CAPACITANCE 


What is the amount of work done in moving a 
point charge around a circular arc of radius r at 
the centre of which another point charge is lo- 
cated? (Comptt. All India) 
Being an equipotential surface, work done will be 
Zero. 

Two charges 4 uC and -4 uC are placed at points 
A and B 3 cm apart. Depict an equipotential 
surface of the system. (Comptt. All India) 





Equipotential surfaces of the system 


“For any charge configuration, equipotential 
surface through a point is normal to the electric 
field.” Justify. (Delhi) 
Work done in moving a charge over an 
equipotential surface is zero, hence a point on it 
will be normal to the electric field. 

W = FS cos 0 = 0 .«.cos8=0 or 8 = 90° 
Two equal balls having equal positive charge ‘g’ 
coulombs are suspended by two insulating 
strings of equal length. What would be the 
effect on the force when a plastic sheet is 
inserted between the two? (All India) 
The force would be reduced by a factor ‘K’ (equal 


to the value of dielectric constant of plastic sheet). 
Foe Fair 


The given graph shows 


variation of charge 'q' A 
versus potential 
difference ‘V’ for two , > 


capacitors C, and C,. 

Both the capacitors have 

same plate separation 

but plate area of C, is V 

greater than that of C}. 

Which line (A or B) corresponds to C} and why? 
(Comptt. All India) 

Line B corresponds to C,. 


Reason : Since slope 4) of 'B' is less than that 


V 
of 'A'. 


4 yl 


A charge is moved A 


q | 

from a point A above a | 

dipole of dipole moment | 

‘p’ toa point B below the , | 

dipole in equatorial plane -q | +9 

without acceleration. Find 

the work done in the 
(All India) B | 
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No work is done 
[W = q Vag = q X 0 = 0, since potential remains 
constant] 


Short Answer Type Questions-I (SA-I) 


19. 


Ans. 


20. 


Ans. 
21. 


Ans. 


(2 Marks) 


Derive the expression for the electric potential at 
any point along the axial line of an electric 
dipole. (Delhi) 
Consider an electric dipole consisting of two 
points charged -q and +q and separated by 
distance 2a. Let P be a point on the axis of the 
dipole at a distance r from its centre O. 





























2a 
> 
B 
A e—__—___e—_e-_ —- ----— ° 
-q O +g P 
<— a —><- 4 —> 
~_—§<—= Fs 
Electric potential at point P due to the dipole is, 
V=V,+V> 
or ae 1 lg | i 
4neé, AP 4reg BP 
oye E E E. 
Amen r+a Ane) r-a 
or V = —! Do | 
4meg Lr-a r+a 





ere an 
ATE, r? — q? 

or V = n mo 
4nEg 1° —a 

or V = : p 








ATE, r? — a 
..where [p is dipole moment [p = q x 2a] 


For ideal dipole : a << r 


So a2 << r? V= 





= 
Ane, r? 
Derive an expression for the potential energy of 


an electric dipole of dipole moment p in an 
electric field E. (Delhi) 
Refer to Q. 87 (b), Page 40 
Two point charges, q} = 10 x 10 C and q, = 
-2 x 10` C are separated by a distance of 60 cm 
in air. 
(i) Find at what distance from the 1* charge, 
q,, would the electric potential be zero. 
(ii) Also calculate the electrostatic potential 
energy of the system. (All India) 
(i) Given: q} =10x 108C, q, =-2 x 10® C 
AB = 60 cm = 0.60 = 0.6 m 
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Let AP = x then PB =0.6-x 


q1 qo 
o—_j eo 
A P B 
Potential P due to charge q} = Sn 
1 AP 
Potential P due to charge q, = Si 
2 BP 
Potential at P = 0 
GS ES NS E N 
AP BP AP PB 
10x10 _ =(-2 x10") 
x 0.6- x 
=> 2x+10x=6 = 12x =6 


t= - = 0.5m 


Distance from first charge = 0.5 m = 50 cm. 
(ii) Electrostatic energy of the system is 


r Kqyqg  -9x10? x107 x2x10-8 
noo r o 60 x 10-2 
_ -18x10° 
~~ 60x 10 


= = x 104 = -3 x 10™® Joule 
U or E, =-3x 10° Joule 
22. Two point charges 4Q, Q are separated by 1m in air. 
At what point on the line joining the charges is the 
electric field intensity zero? 
Also calculate the electrostatic potential energy of 
the system of charges, taking the value of charge, 














Q=2x107 C. (All India) 
Ans. (i) Given:r= 1m, qı = 4Q, 9, =Q 
4Q Q 
oo _____|__- 
A X P 1-x B 
— 
1m 
Eo, = Epg 
K(4Q) _ _KQ es 
x? ~ (1- x)? x? (1-x) 
2 1 
> —= = 2=2x=x 
x l-x 
2 
>. e2 T= 3m 


(ii) Electrostatic potential energy of the system is 


U -K ai Io — 
= 36 x 10° x (2 x 107} = 1.44 x 10= J 
23. Two point charges 20 x 10-6 C and -4 x 10° C 
are separated by a distance of 50 cm in air. 
(i) Find the point on the line joining the 
charges, where the electric potential is zero. 
(ii) Also find the electrostatic potential energy 
of the system. (All India) 
Ans. 


(i) Here q4 = 20 x 10® C, q, = -4 x 10°C 


Q 
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and AB = 50 cm = 0.50 m = 0.5 m 
Let AP = x then PB = 0.5 =- x 











. _ Ky 
Potential at P due to charge q, = ra 
Potential at P due to charge q, = SA 
BE q2 PB 
. _ Kay | Ka _ 
Potential at P = 0 => ap + pp = 0 
ia Ii a2 
AP PB AP PB 
20x10° _ (4x10) 
x Ox 
20 4 
=> — = 
x Dome 
14x = 5 > x= m 
7 = 4 
9 —6 —6 
i) U = Kan _ 9x10 20x10 4x10 ) 
r 50 x 10 
= 1.45 J 
24. Calculate the work done to : 
dissociate the system of 
three charges placed on the ce 10 cm 
vertices of a triangle as 
shown. (Delhi) 
-4q 10cm +2 q 
Ans. Initial P.E. of the three charges 
eee ft hhi, n | 
ATE) | r r f 
_ _1 |404) , (244)x24 _ 9x29 
ATE r r r 
E 1 104? _ -9x 10? x10 x (1.6 x 10710)?J 
Ane, r 0.10 


-9 x 10? x 10 x 2.56 x 10? x 100 
10 
-23.04 x 10°? = -2.304 x 10° J 
Final P.E, u; = 0 
Work required to dissociate the system of 
three charges, 
W = uș- u; = -2.304 x 10-8 J 


25. (i) Can two equipotential surfaces intersect 


each other? Give reasons. 

(ii) Two charges -q and + q are located at 
points A (0, 0, -a) and B (0, 0, +a) 
respectively. How much work is done in 
moving a test charge from point P (7, 0, 0) to 
Q (-3, 0, 0)? (Delhi) 

(1) No, if they intersect, there will be two 
different directions of electric field at that 
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Ans. 


26. 


Ans. 


27: 


Ans. 


Equipotential 
surface ‘ees ead 


28. 
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point which is not correct. If they intersect, 
then at the same point of intersection, there 
will be two values of potential. This is not 
possible and hence two equipotential 
surfaces cannot intersect. 

(ii) Since both the points P and Q are on the 
equatorial line of the dipole and V = 0 at 
every point on it, work done will be zero. 
Also the force on any charge is perpendicular 
to the equatorial line, so work done is zero. 

Draw 3 equipotential surfaces corresponding to 

a field that uniformly increases in magnitude 

but remains constant along Z-direction. How are 
these surfaces different from that of a constant 
electric field along Z-direction? (All India) 


ry . x 
d, < d4 for increasing 


field 
and d, = d, for a 
uniform field. 


y d d, 


Two uniformly large parallel thin plates having 
charge densities + © and -© are kept in the X-Z 
plane at a distance ‘d’ apart. Sketch an 
equipotential surface due to electric field 
between the plates. If a particle of mass m and 
charge -q remains stationary between the 
plates, what is the magnitude and direction of 
this field? (Delhi) 
The equipotential surface is at a distance d/2 from 
either plate in X-Z plane. For a particle of charge 
(— q) at rest between the plates, then 


ieee eee ety y 


I tary re i ted I 


d/2 


-oy/t++++++++ z 


(i) weight mg acts, vertically downward 
(ii) electric force gE acts vertically upward 
so mg = qE 
E = oS vertically downward, 
i.e., along (—) Y-axis. 

Two small identical 
electrical dipoles AB and 
CD, each of dipole moment 
‘p’ are kept at an angle of 120° 
as shown in the figure. What 
is the resultant dipole 
moment of this combi- 


nation? If this system is 


Q 
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Ans. 


29, 


Ans. 


30. 


subjected to electric field (E) directed along +X 
direction, what will be the magnitude and 
direction of the torque acting on this? (Delhi) 
Resultant dipole moment of both dipoles is 


E 2 
= 4p +p +2p cos® y 









= 2p + 2p° cos 120° 
1 xX’ 
pe 
Pte 
= r +q 
=p =p aay 
Resultant dipole moment (p) makes an angle of 
in the figure. 
E 
Now 1 = pE sin 30° = pE 9 = e= | 
Figure shows two 
identical capacitors C, Vd 
capacitance, connec- 5yi k lc 
ted to a battery of 5 V. | ° Be 2 uF 
Initially switch ‘S’ is 
closed. After some- 
dielectric constant K = 5 are inserted to fill 
completely the space between the plates of the 
two capacitors. How will the (i) charge and 
(ii) potential difference between the plates of the 
(Delhi) 
(i) When switch S is open and dielectric is 
introduced, charge on each capacitor will be 
m= CV, J2 = Ca V 
Charge on each capacitor will become 5 times 
(ii) P.d. across C, is still 5V and across C,, 
q = (5C) V 
a 
5 
Figure shows two S 
identical capacitors T | 
C, and C, each of 1.5 
i a ] F É F 
1.5 uF . 
nected to a battery ay í 
of 2 V. Initially 
switch ‘S’ is closed. After sometime ‘S’ is left 
open and dielectric slabs of dielectric constant K 
between the plates of the two capacitors. How 
will the (i) charge and (ii) potential difference 
between the plates of the capacitors be affected 
after the slabs are inserted? (Delhi) 


60° with each dipole and 30° with x-axis as shown 
and C,, each of 2 uF 
time ‘S’ is left open and dielectric slabs of 
capacitors be affected after the slabs are inserted? 
qı =5CV =5xX2x5=50 uC, q= 50 uC 
EE 

5 
uF capacitance, con- 
= 2 are inserted to fill completely the space 


26 Shiv Das Chapterwise Question Bank (Physics XII) 


Ans. (i) When switch S is open and dielectric is 
introduced, charge on each capacitor, will be 
n=, J2 = CV 
g, =2CV=2x15x2=6 uC, Ja = 6 uC 
Charge on each capacitor will become twice. 

(ii) P.d. across C, is still 2V and across C,, 

g = (2C) V’ 
NV 2 
V = 5 1V 

31. Net capacitance of three identical capacitors in 

series is 1 uF. What will be their net capacitance 

if connected in parallel? 

Find the ratio of energy stored in the two 

configurations if they are both connected to the 

same source. (All India) 

Let C be the capacitance of a capacitor 

Given : C, = C, = C, = C 

When connected in series: 


C 

~ = 1 uF 

3 u 

When connected in parallel: 
C,=C+C+C=34+3+3=9 ye 


Energy stored in capacitor 


Ans. 


Co = * (=o uE 


E=- 1 cv 

2 

1 2 
Es 76V C 1 n 
E 1,\2 C oTe 
p Ea p 

5 pV 


32. Net capacitance of three identical capacitors in 
series is 3 UF. What will be their net capacitance 
if connected in parallel? 
Find the ratio of energy stored in the two 
configurations if they are both connected to the 
same source. (All India) 
Let C,, C, and C, be the capacitances of three 
capacitors. But these three capacitors are of same 
capacitance, so C is the capacitance of each 
capacitor. 

Ci = C, = C} = C 
When C,, C, and C, are connected in series : 


Ans. 


Cs Gr G, G 
1 1 1 1 3 
S eas a 
C © Cec ec 
C 
Cg = 3 = 3 uF rl E Cs = 3 uF 
C=9 uF 


When C,, C, and C, are connected in parallel 
C, = 3C = 3 x 9 uF = 27 uF 


Energy stored in capacitor is, E = =CY? 


Q 


<. Ratio=1:9 
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33. 


Ans. 


34. 


Ans. 


35. 


Ans. 


36. Determine the po- 


Draw a plot showing the variation of (i) electric 
field (E) and (ii) electric potential (V) with 
distance r due to a point charge Q. (Delhi) 











T q 
E, a 
or q 
V 4ZEQ r 
> 
r—>> 


A test charge ‘q’ is 
moved without accel- 








eration from A to C m E 

along the path from A os 

to B and then from B to = > 
2, OJ n, 

C in electric field E as l ps Ne 0) 


shown in the figure. : 


(i) Calculate the potential difference between 
A and C. 
(ii) At which point (of the two) is the electric 
potential more and why? (All India) 
(i) P.D does not depend upon the path along 
which the test charge q moves 





dr d d 
dic =4 So V, -Vc=Ex4= 4E 


(ii) At point C, electric potential will be more as 
potential decreases in the direction of electric 
field. 

An electric dipole is held in a uniform electric field. 

(i) Show that the net force acting on it is zero. 

(ii) The dipole is alligned parallel to the field. 
Find the work done in rotating it through 
the angle of 180°. (All India) 


(i) Force acting on a 
point A due to E 
charge —q is -gE +4 => +94 
Force acting on 
point B due to 2a 
charge +qis+qE E< 


Net force acting on 
the dipole 
= —gE + gE = 0 (Zero) 
Hence, the net force acting on electric dipole 
held in a uniform electric field is zero. 
W = -pE(cos 0, — cos 8,) 
W = -pE(cos 180° — cos 0°) 
= W = -pE(-1 - (1)) = +2pE 


Cy 
“4 79 
| L 
[Assume E, > E4] T 
(Comptt. Delhi) "o! 
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(ii) 


tential difference 
across the plates of 
the capacitor ‘C,’ of 
the network shown 
in the figure. 


Ans. 


37. 


Ans. 


38. 


Ans. 


Q 
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Net E = E, - E} 
Both capacitors are in series 

1 1 1 Cı xC 

De o ee C= 1^ ~2 

a aor 
.. V, (Potential difference across the plates of the 

capacitor C,) = A 

1 C4 

A network of four 


capacitors, each of 
capacitance 15 WE is 
connected across a 
battery of 100 V, as 
shown in the figure. 
Find the net capaci- 
tance and the charge 
on the capacitor C,. 
(Comptt. Delhi & All 
India) 





100 V 


C,, C, and C, are in series as shown in the figure, 
we have 


De Pe E E E A > 
C G © Cy 15 15 15 15 5 
C’ = 5 uF 
Now C is in parallel with C, 

. Che = C + Cy = (S + 15) uF = 20 uF 


Hence, Change on C, Q = C,V = 15 x 10° x 100 
= 15 x 10C 





A network of four 
capacitors, each of 
capacitance 30 WE is 
connected across a 
battery of 60 V as 
shown in the figure. 
Find the net 
capacitance and the 
energy stored in each 
capacitor. 

(Comptt. All India) 








eo a Go. Gc 
sel Cp C, and C, are in series 
o ee ee 1-2 -1 
C 30 30 30 30 10 
C’ = 10 uF 


C, and C’ are in parallel 
Chet = C + C3 = 10 + 30 = 40 uF 


Energy stored in C,, C, and C, = OV 


- x 10 x 10-6 x 3600 J = 18 x 103] 
Energy stored in each of the capacitor C}, C, 


and C, = 6 x 10° J 
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39. 


Ans. 


40. 


Ans. 


41. 


Ans. 


42. 


Energy stored in capacitor C, 
= 1/2 x (30 x 10% x 3600) J 
= 54000 x 10° = 5.4 x 10° J 


An electric dipole of length 4 cm, when placed 
with its axis making an angle of 60° with a 
uniform electric field, experiences a torque of 


443 Nm. Calculate the potential energy of the 

dipole, if it has charge + 8 nC. (Delhi) 

1st method Given : 2a = 4 cm = 4 x 102 m, 0 = 60° 
t=4x 43 Nm, q = +8 nC = 8 x 10° C 
P.E. = Ipl [El cos 8, t= Ipl IE! sin © 
P.E. |p! lElcos@ 


7 “oe so 


1 


PE. = t cot 0 = 4 x 73 x — 
e 


P.E. = —4 Joules 


2nd method 
T= pE sin 0 
T 
B psinð Pe 
E = 4xy3 2 gI 


B 4 


8x10? x4x10 x 


Now PE. 


Ip! IEI cos 0 
(q X 2a) (E) cos 8 


~ (8 x 10-9 x 4 x 102) x (4x10! )xd 


[cos 60° = 2 
2 


(Note: However, the first method is preferred because it 


= —4 Joules 


saves a lot of time for unnecessary calculations) 

An electric dipole of length 2 cm, when placed 
with its axis making an angle of 60° with a 
uniform electric field, experiences a torque of 


843 Nm. Calculate the potential energy of the 
dipole, if it has a charge of + 4 nC. (Delhi) 
Similar to Q. 39. 

Ans. 8 Joules 

An electric dipole of length 1 cm, which placed 
with its axis making an angle of 60° with 
uniform electric field, experiences a torque of 


643 Nm. Calculate the potential energy of the 
dipole, if it has a charge of + 2 nC. (Delhi) 
Similar to Q. 39. 

Ans. 6 Joules 

A parallel plate capacitor of capacitance C is 
charged to a potential V. It is then connected to 
another uncharged capacitor having the same 
capacitance. Find out the ratio of the energy 
stored in the combined system to that stored 
initially in the single capacitor. (All India) 
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Ans. 


43. 


Ans. 


44. 


Ans. 


45. 


Shiv Das Chapterwise Question Bank (Physics XII) 


Let us say that capacitor has an initial energy 

V 
U= fy? 

When the first capacitor is C 

connected across the 

second capacitor, let the 

common potential be V’ (i) 

Then charge on each 

capacitor q’ = CV’ C 

By charge conservation 


,_ 9 
1 2 


Hence total energy stored 
in the capacitors, C 


i Loy) 4 (gr) g *W) 
U; = 2x(žgv)=4 x[£]- F 





— 
Two point charges q, and q, are located at 1, and 
> = 


r, respectively in an external electric field E. 


Obtain the expression for the total work done in 
assembling this configuration. (Comptt. Delhi) 
Work done in bringing the charge q, from infinity 
to position r4 
Wy = 9 V(%4) 
Work done in bringing charge q, to the position r, 
a ey i 
Hence, total work done in assembling the two 
charges 
W=W,+W, 


= 41V (r1) + 9V (r3) + 





1192 
ANE T 15 
Two point charges q and -2q are kept 'd' distance 
apart. Find the location of the point relative to 
charge 'g' at which potential due to this system 
of charges is zero. (Comptt. Delhi) 





@-------- fo 
q —2q 
— -- ->ei ———_—___» 


ig 1 % 
Ane) x 4neg (d+x) 
2x=x+d orx=d 
At distance 'd' towards left of charge ‘q’ 
Two closely spaced 
equipotential surfaces ; V+8V 
A and B with poten- V 
tials V and V + SV, 
(where V is the 


change in V), are kept 
l distance apart as A 
shown in the fieure. 
Join 
@booksforcbse 
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Ans. 


46. 


Ans. 


Deduce the relation between the electric field and 

the potential gradient between them. Write the two 

important conclusions concerning the relation 

between the electric field and electric potentials. 
(Comptt. Delhi) 

Work done in moving a unit positive charge along 

distance 6/ 

IEI = Va - Vg=V -(V +òôV)=-òV 
dV 


E =- 57 


Two important conclusions : 

(1) Electric field is in the direction in which the 
potential decreases steepest. 

(ii) Magnitude of electric field is given by the 
change in the magnitude of potential per unit 
displacement, normal to the equipotential 
surface at the point. 


Why does current in a steady state not flow in a 
capacitor connected across a battery? However 
momentary current does flow during charging 
or discharging of the capacitor. Explain. 

(All India) 
In the steady state, the displacement current 
and hence the conduction current, is zero as 


> 
| E | between the plates, is constant. 
During charging and discharging, the 


displacement current and hence the conduction 


5 
current is non zero as | E | between the plates, 
is changing with time. 


Short Answer Type Questions-Il (SA-ID 


47. 


Ans. 


(3 Marks) 


Three identical capacitors C,, C, and C, of 
capacitance 6 uF each are connected to a 12 V 
battery as shown. 


C, 
+ 
= 12V C, 
C, 
Find 


(i) charge on each capacitor 
(ii) equivalent capacitance of the network 
(iii) energy stored in the network of capacitors. 


(Delhi) 
C, and C, in series, make C, = 3 uF 
. 1 1 1 
using —— = — + —. 
Cy Q O 
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Ans. 


49. 


Ans. 
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(i) 12V of potential is available in C} and C}. 
Charge in C} = Q} = CV 
= 6 x 10® x 12 = 72 uC 
Charge in C, = Q, = C,V 
= 3 x 10° x 12 = 36 uC 
Charge on C, and C, will also be 36 uC 
(ii) C, and C, are in parallel to the source 
© Ceg =3+6=9 PE 


(iii) Energy stored = - Ceg V? 


: > x (9 x 10%) x 122 


= 648 x 10% = 6.48 x 104 joule 
The equivalent capacitance of the combination 
between A and B in the given figure is 4 uF. 
| e 
A 20uF C B 
(i) Calculate capacitance of the capacitor C. 
(ii) Calculate charge on each capacitor if a 12 V 
battery is connected across terminals A and B. 
(iii) What will be the potential drop across each 


capacitor? (Delhi) 
Ceg = 4 uF 
(1) Since 20 uF and C are in series, we have 

1 1 1 
— = — + — 
4 20 C 
1 1 1 5-1 4 

=> — Z= — — —— Z ———— Z — 
C 4 20 20 20 


=> C= = = 5 uF 
(ii) Charge drawn from 12 V battery is Q 
= Cg V = 4 x 12 = 48 uC 
So charge on each capacitor = 48 uC 
(iii) Potential drop across 


C 20uF 
and 5 uF, V; = exe 9.6 volt 
5 UF 

Two parallel plate X Y 
capacitors, X and Y, have 

the same area of plates 

and same separation o oH 
between them. X has air 12V 


between the plates while Y contains a dielectric 
medium of €, = 4. 

(i) Calculate capacitance of each capacitor if 
equivalent capacitance of the combination 
is 4 uF. 

(ii) Calculate the potential difference between 
the plates of X and Y. 

(iii) What is the ratio of electrostatic energy 
stored in X and Y? (Delhi) 

Since area A and separation d are same, 

if C, = C then C, = 4C 

1 1 


— = — + 
4 C 4C 


(i) Since they are in series, 


Q 
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50. 


Ans. 


51. 


4C 


= ae or C = 5 uF 


The two capacitors are therefore 5 uF and 20 uF. 
(ii) Since the capacitance of capacitors are in the 


ratio 1: 4, 
the potential drop across them should þe in 
the ratio of 4 : 1 making them (a x 2) 


V, = 9.6 V and V, = 2.4 volt 
(iii) Since they carry same charge, the ratio of the 
electrostatic energy is, 


Q? Q? 

2C, 2 
A parallel plate capacitor is charged by a battery. 
After some time the battery is disconnected and 
a dielectric slab of dielectric constant K is 
inserted between the plates. How would (i) the 
capacitance, (ii) the electric field between the 
plates and (iii) the energy stored in the 
capacitor, be affected? Justify your answer. 

(All India) 
Let C be the capacitance and V þe the potential 
difference. 
The charge on the capacitor plates will then be 
Q = CV. 





Oe On a 


The electric field between the plates, E = — and 


Q? 1 
the energy stored, E, = se G CV 
As the dielectric (K) is introduced after 


disconnecting the battery 
We have the new values of charge, Q’ = Q 
Capacitance C’ = KC 





Potential V’ = cores 
KC K 
(i) New capacitance is K times its original. 

(11) New electric field E = ee 1.€. = 
d Kd K K 

times the original field. 
ee Q? Q? 1 x l 
N = = = =— (E ce. SS 
(iii) New energy of one (E„) ie K 


times the original energy. 

A charge +Q is placed on a large spherical 
conducting shell of radius R. Another small 
conducting sphere of radius r carrying 
charge ‘q’ is introduced inside the large 
shell and is placed at its centre. Find the 
potential difference between two points, 
one lying on the sphere and the other on the 
shell. 

How would the charge between the two 
flow if they are connected by a conducting 
wire? Name the device which works on this 
fact. (All India) 
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(a) 


(b) 


Ans. 
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(a) Potential inside conducting spherical shell of 
radius R carrying charge, 


Q 


TE, R 





q = constant = 


Let us suppose that in some way we 
introduce a small sphere of radius r, carrying 
charge q, into the large one, and place it at 


the centre. 
Total charge Q 


Conducting 
wire 





Charge q 
The potential due to this new charge clearly 
has the following values at the radii 
indicated : 
Potential due to small sphere of radius r 
carrying charge q 
1 4 


= — at the surface of small sphere 
ATE, r 








- 14 at the surface of the large shell 
oe r 
of radius R 
Taking both charges q and Q into account, 
we have for the two potentials : 


Rje- Ll 
Anneo R R 


gi 
ATE, (2 3 


Hence the potential difference is 
V(r) — V(R) 


Se a ee ee 
4még R r Arneo R R 


-1 (4 = 4)L (4-2) 
4reo\r R 4neor R 


If we connect the smaller and larger sphere 
by a wire, the charge will flow from the 
conducting sphere of radius r to the large 
spherical shell of radius R. Van de Graaff 
generator works on this fact. 


and V(r) = 


(b) 


52. A parallel plate capacitor is charged by a battery. 
After sometime the battery is disconnected and 
a dielectric slab with its thickness equal to the 
plate separation is inserted between the plates. 
How will (i) the capacitance of the capacitor, (ii) 
electric field between the plates and (iii) the 
energy stored in the capacitor be affected? 
Justify your answer in each case. (Delhi) 


Q 
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Ans. Refer to Q. 50, Page 29 

53. (a) Depict the equipotential surfaces for a 
system of two identical positive point 
charges placed a distance ‘d’ apart. 
Deduce the expression for the potential 
energy of a system of two point charges q4 
ane > Proughi from infinity to the points 


(b) 


r, and ry EepRnvey. in the presence of 


external electric field E. (Delhi) 


Ans. (a) 





Equipotential surfaces of two identical point charges 


os met E be the external field 
Work done on q, against the external 


field = qy.V( r) 
Work done on q, against the field due to 
m 1 M92 _ 142 
ATE) 2 ATE 91> 
...where [r,, is the distance between q} and q, 
By the superposition principle for fields, we 
add up the work done on q, against the two 


fields (E and that due to q4). 


E 
Work done in bringing q, to n 


eya 
ANE QT 
Thus,potential energy of the system 
= Total work done in assembling the 
configuration 


= 
= qn -V(%) + 


f2 
Regt 
54. A parallel plate capacitor, each with plate area A 
and separation d, is charged to a potential 
difference V. The battery used to charge it 
remains connected. A dielectric slab of thickness 
d and dielectric constant k is now placed 
between the plates. What change, if any, will 
take place in : 
(i) charge on plates? 
(ii) electric field intensity between the plates? 
(iii) capacitance of the capacitor? 
Justify your answer in each case. (Delhi) 
Given : Plate area of either plate of parallel plate 
capacitor = A 
Distance between the plates = d and 
potential difference between the plates = V 
E yA 
d’ 


> > 
= q V(r) + q,.V(r,) + 


Ans. 


Initially capacitance, C = 
Charge on plate, Q = CV 
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55. 


Ans. 


56. 


Ans. 
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As the battery remains connected throughout, the 
potential difference between the plates remains 
unchanged (V’ = V) on placing, a dielectric slab of 
thickness ‘d’ and dielectric constant ‘k’ between 
the plates. 

(1) New charge on plates, Q’ = C’ V’ = kCV = kQ 
Thus, charge changes to k times of its 
original value. 

(ii) Electric field intensity between the plates, E’ 

VvV č V 
Ea 
Thus, electric field intensity between the 
plates of capacitor remains unchanged. 
(iii) New capacitance of the capacitor, 
C= “08 = ic 
A parallel plate capacitor is charged to a 
potential difference V by a d.c. source. The 
capacitor is then disconnected from the source. 
If the distance between the plates is doubled, 
state with reason how the following will change; 
(i) electric field between the plates, 
(ii) capacitance, and 


(iii) energy stored in the capacitor. (Delhi) 
A 2 
d Ey EA 2Co 


On disconnecting the battery, the charge q on the 
capacitor plates remains unchanged. 
If the distance d is doubled, then 


: _ q Bi 
(i) E A Co 
i.e., the electric field remains unchanged. 
e _ E&A 1 
(11) C aS Cy 
i.e., the capacitance is halved. 
j 2 
(iii) u = =£ = 2u 
2C Cy 


i.e., the stored energy is doubled. 
A network of four 
capacitors each of 12 F 
capacitance is connected 
to a 500 V supply as c, + +c, 
shown in the figure. c 
Determine (a) equivalent fi 
capacitance of the 
network and (b) charge 
on each capacitor. (All India) 

(a) Equivalent capacitance of the network, 


C23 = E = 4 wF(-. being in series)...(i) 


C, 
| 














o<—_ 500 Ve 


Cog = C123 + C4 = (4 + 12) UF = 16 pF 


... [From (i) 


(b) © Q=CY, 


Q 


Q, = 500 x 12 x 10% 
= 6000 x 10° = 6 x 10°C 
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Charge on capacitor, C, 

C, = 6 x 10 C m 
(11) Qy = Ciz V 

(4 x 10%) x 50017 hi 

=2x103C pce p 
Charge on each of | Q © 
the capacitors 
C,, C, and C, 


3 

















=2x 10°C 
57. A network of four E 
capacitors each of 15 uF 
capacitance is connected 1T TCs 
to a 500 V supply as | 
: : C, 
shown in the figure. o< 500 V > 


Ans. 


58. 


Ans. 


Determine (a) equivalent capacitance of the network 
and (b) charge on each capacitor. (All India) 
(a) The capacitor C}, C, and C, are in series 


1 O 1 1 1 


1 1 1 1 3 1 
C 1° 15715 575 
Hence Cg = 5 uF 
Now Cg and C, are in parallel 
.. Equivalent capacitance of the network, 
C=Co+C,=15+5 = 20 pF 
(b) Charge on capacitor, C, is 
q = CyV = (15 x 10%) x 500 = 7500 uC 
...LV = 500 
Charge on each capacitor C,, C, and C, will 
be, q = CoV = (5 x 10) x 500 = 2500 uC 


Deduce the expression for the electrostatic 
energy stored in a capacitor of capacitance ‘C’ 
and having charge ‘Q’. 

How will the (i) energy stored and (ii) the 
electric field inside the capacitor be affected 
when it is completely filled with a dielectric 
material of dielectric constant ‘K’? (All India) 


Potential of capacitor = cl 


Small amount of work done in giving an 
additional charge dg to the capacitor, 
dW = £ x dg 
C 


Total work done in giving a charge Q to the 
capacitor 


(=U q=Q 

2 2 

W = Í i = 1 a re W = 1 Q- 

C 21C C 2 
q=0 q=0 

As electrostatic force is conservative, thus work is 


stored in the form of potential energy (U) of the 
capacitor. 
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1 Q? +q -Q 

TENE t a 

Put Q = CV +- 

1 + è > >- 

n U= ¿CV? a are 
2 > 

(i) C = CK + >- 

1 + > — 

where [E, = a 3 9 


Energy stored= =CY? = —KC,V? 


energy stored 


Energy stored will become K times the initial 
energy 








i)q=CV > Vat a= 
i) q C 0 Cod 
V = dl e = Vv = 4 
KC, d  KCod 
E0 


electric field 


.. Electric field will become 5 times its initial value. 


59. A capacitor of unknown capacitance is connected 
across a battery of V volts. The charge stored in it 
is 360 uC. When potential across the capacitor is 
reduced by 120 V, the charge stored in it becomes 
120 uC. 

Calculate : 
(i) The potential V and the unknown capacitance 
Cc. 
(ii) What will be the charge stored in the 
capacitor, if the voltage applied had increased 


by 120 V? (Delhi) 
(i) Let the capacitance be C 
Charge on Q, = CV or 360 uC = CV ...(7) 
In second case, 
Q, = C(V — 120) 
= 120 uC = C(V - 120) 
From equation (i) and (ti) 
2 
(V — 120) 
3V - 360 = V => 2V = 360 
By putting this value of V in (i) 
120 x 10° = C(180 — 120) 


120 x 10-6 
60 


Ans. 


(i) 


CS = 2uF 


Join 
@booksforcbse 
for more. 


Q 





(ii) Charge stored when voltage is increased by 
120 V 
Q’ = 2uF x (180 + 120) V = 600u C 
60. A slab of material of dielectric constant K has 
the same area as that of the plates of a parallel 
plate capacitor but has the thickness d/2, where 
d is the separation between the plates. Find out 
the expression for its capacitance when the slab 
is inserted between the plates of the capacitor. 
(All India) 
Ans. Total potential difference between the plates 


V = E (d - t) + Et 


d 
1 = 2) á — dielectric + s 


slab 
i + 


— i 
<—— + 
See 
e- — H 
— į 
<; 


— 
— 
— 
— 
=_ 
— 








As C= 4- 1 aa a 
Lifi) (1+ 
AEg 2 K 
2KAE, 
os d(K +1) 


61. Calculate the amount of work done to dissociate 
a system of three charges 1 uC, 1 uC and -4 uC 
placed on the vertices of an equilateral triangle 
of side 10 cm. (Comptt. All India) 

10 


Ans. r = 10 cm = — = 101 m, and 1uC = 10°C 
C 


102 
q, =-4 uC 








q=1uC q, =1 uC 


Potential energy 
1 (9192 + 9193 + 9293) 


ATE, r 


1 [Qx1+(x-4)+(1x-4)]x 10 x10 
ATE: 1071 
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9% 10° (1—4-4)x10- x 10-6 
i~ 
= —63 x 10% Joules 
Hence, 0.63 Joules of energy is required to disso- 
ciate the system. 

62. A capacitor of unknown capacitance is 
connected across a battery of V volts. The charge 
stored in it is 300 uC. When potential across the 
capacitor is reduced by 100 V, the charge stored 
in it becomes 100 uC. Calculate the potential V 
and the unknown capacitance. What will be the 
charge stored in the capacitor if the voltage 
applied had increased by 100 V? (Delhi) 

Ans. (i) Charge stored, Q = CV 

300 uC = C x V 

When potential is reduced by 100 V 
100 uC = C(V - 100) = CV - 100 C 
100 uC = 300 uC - 100 C 

= 100 C = 300 uC — 100 uC 

= 100 C = 200 uC 

Therefore, capacitance C = 2uF 


Potential. Y= E = 0 





(ii) Charge stored when voltage applied is 
increased by 100 V 
Q’ = 2uF x (150 + 100) = 500uC 
63. Draw the equipotential surfaces due to an 
electric dipole. Locate the points where the 
potential due to the dipole is zero. (All India) 
Ans. Potential at all points in equatorial plane is zero 
everywhere 








Equipotential l 
Viet = Va Ta Va ME 
l 
K ecza > 

-= : — F i n 4 
(r +a) (1° +a°) | 
sÜ 
l 


64. Two thin concentric shells of radii r} and r, 
(r, > rı) have charges q, and q,. Write the expres- 
sion for the potential at the surface of inner and 
outer shells. (Comptt. All India) 

Ans. (i) Potential at the surface of inner shell, 





1 
Viz] ul 
TEQ F 2 
(11) Potential at the surface of 0 


outer shell, 
V> = 1 (nt 4) 


ATE, 1p 


(Since the charge on inner shell will also con- 
tribute) 


65. (a) Obtain the expression for the energy stored 
per unit volume in a charged parallel plate 
capacitor. 
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(b) The electric field inside a +++++++ 


parallel plate capacitoris E. Find @ b 
the amount of work done in 7 

moving a charge q over a closed 4 . 
rectangularloopabcda(Delhi) |!!! ! 1! 


Ans. (a) Energy of a parallel plate capacitor. Refer to 


Q. 58, Page 31 


1 
Read answer only upto U = 5 Cv? 
(b) The amount of work done in moving a charge 
‘q’ over a closed rectangular loop abcda is zero, 


because net displacement is zero. 
>.> 
We qE.d 
66. Derive the expression for the capacitance of a 


parallel plate capacitor having plate area A and 
plate separation d. (Delhi) 


Ans. Capacity of a parallel plate capacitor. A parallel 


plate capacitor consists of two large plane parallel 
conducting plates separated by a small distance. We 
first take the intervening medium between the plates 
to be vaccum. Let A be the area of each plate and d 
the separation between them. The two plates have 
charges Q and - Q. Since d is much smaller than the 
linear dimension of the plates (d* << A), we can use 
the result on electric field by an infinite plane sheet 
of uniform surface charge density. Plate 1 has surface 
charge density o = Q/A and Plate 2 has a surface 
charge density —o, the electric field in different region 


1S: 
Area A 


I 
Surface charge G 


density o 
y uaan 


FLL Idd 


PEARSA | 


Surface charge II 
density —o 
Outer region I (region above the plate 1), 
Go Oo 
E = Zep. Dee = 0 
Outer region II (region below the plate 2), 
Go Oo 


= Dey ep = 
In the inner region between the plates 1 and 2, the 
electric fields due to the two charged plates add 


up, giving 
_. ©, 0 6 Q T — 1Qd 
E = Dey 2g o wå or V = Ed = GA 
The capacitance C of the parallel plate capacitor is 
_ Q_ &A 
then C = _° 


67. Two parallel plate capacitors of capacitances C, 
and C, such that C} = 3C, are connected across a 
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battery of V volts as shown in the figure. Initially 
the key (k) is kept closed to fully charge the 
capacitors. The key is now thrown open and a 
dielectric slab of dielectric constant ‘K’ is 
inserted in the two capacitors to completely fill 
the gap between the plates. 


Find the ratio of (i) the net capacitance and (ii) the 
energies stored in the combination, before and 
after the introduction of the dielectric slab. 
(Comptt. Delhi) 
Ans. (i) Net capacitance before filling the gap with 
dielectric slab 
Cinitial = C1 + C2 = 3C, + C, = 4C, 
Net capacitance after filling the gap with 
dielectric slab of dielectric constant ‘K’ 
Cinal = KC, + KC, = 3KC, + KC, = 4KC, 
Ratio of net capacitance, 
C 4C, 1 


initial _ NE a 
Cinal 4KC, K 
(ii) Energy stored in the combination before 
introduction of dielectric slab, 
Q2 
initial ~ TOR 





U 


Energy stored in the combination after 
introduction of dielectric slab, 
Q 
U tinai 7 3KC, 
Ratio of energy stored 
Uniti QF s Q? _K _ K 
Usna 3C,/ 3KC, 1 
68. Two parallel plate capacitors of capacitances C, 
and C, such that C, = 2C, are connected across a 
battery of V volts as shown in the figure. Initially 
the key (k) is kept closed to fully charge the 
capacitors. The key is now thrown open and a 
dielectric slab of dielectric constant 'K' is inserted 
in the two capacitors to completely fill the gap 
between the plates. 


Find the ratio of (i) the net capacitance and (ii) the 
energies stored in the combination, before and 


Q 
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after the introduction of the dielectric slab. 
(Comptt. Delhi) 
(i) Net capacitance before filling the gap with 
dielectric slab 
Cinitia = C1 + Cy = 20, + C, = 3C, 
Net capacitance after filling the gap with 
dielectric slab of dielectric constant ‘K’ 
Cana = KC, + KC, = 2KC, + KC, 
= 3KC, 


Ans. 


3C, 1 
3KC, K 
(ii) Energy stored in the combination before 
introduction of dielectric slab 
DR a 
Uia ~ 3C, 
Energy stored in the combination after 
introduction of dielectric slab 
a O 
Urinal _ 3KC, 
.. Ratio of energy stored 


Uniti Of O- K K 
final 3C, 3KC, 1 

69. Two parallel plate capacitors of capacitances C} 
and C, such that C} = (C,)/2 are connected across 
a battery of V volts as shown in the figure. 
Initially the key (k) is kept closed to fully charge 
the capacitors. The key is now thrown open and 
a dielectric slab of dielectric constant 'K' is 
inserted in the two capacitors to completely fill 

the gap between the plates. 


Cinitial = 





<. Ratio of net capacitance, 
final 


Find the ratio of (i) the net capacitance and (ii) 
the energies stored in the combination, before 
and after the introduction of the dielectric slab. 
(Comptt. Delhi) 
(i) Net capacitance before filling the gap with 
dielectric slab 
C = CQ +C, = (C,)/2 + C, 
= 3C,/2 = 1.5 C, 
Net capacitance after filling the gap with 
dielectric slab of dielectric constant ‘K’ 
& = KC, + KC, = KC,/2 + KC, 


Ans. 


initial 


final 
= 1.5KC, 
Ratio of net capacitance, 
Cintia _ 15C, _1 








Cang LOKC, K 
(ii) Energy stored in the combination before 
introduction of dielectric slab 
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Ans. 


71. 


Ans. 


Q 
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2 
Uia = ISC 
Energy stored in the combination after 
introduction of dielectric slab 
Q2 
1.5KC, 
Ratio of energy stored 
U ea. Oj 0 _K 
Uaa 15C,/15KC, 1 


Unal = 
= K 


Two capacitors of unknown capacitances C} and 
C, are connected first in series and then in 
parallel across a battery of 100 V. If the energy 
stored in the two combinations is 
0.045 J and 0.25 J respectively, determine the 
value of C, and C,. Also calculate the charge on 
each capacitor in parallel combination. (Delhi) 
Energy stored in a capacitor is given by, 


_ T 
E = z CV 
C-C, 








o. 1 ; 
(a) In series combination, 0.045 = IT, +C, (100) 
CC, _ 4 


(b) In parallel combination, 0.25 
1 
= z (Cy + C,) (100)? 


=> C,+C,=05x10- sua) 
On simplifying (i) and (ii), C,C, = 0.045 x 10% 
(C, -C,)? = (C) + C} - 4C,C, 
= (0.5 x 10+)? — 4(0.045 x 10-8) 
= (0.25 x 10-8) — (0.180 x 108) 
(C=C) = 0.07 x 10° 
(C, -C,) = 0.26 x 10+ 
From (i) and (iii), we get 
=> C = 0.38 x 10+ F and C, = 0.12 x 10 F 
Charges on capacitor C, and C, in parallel 
combination 
Q, = G,V = (0.38 x 10+ x 100) = 0.38 x 10-7 C 
Q, = C,V = (0.12 x 10+ x 100) = 0.12 x 107 C 
Calculate the potential 
difference and the | 
energy stored in the A |G, C, = 
capacitor C, in the 
circuit shown in the figure. Given potential at A 
is 90 V, C} = 20 HE C, = 30 uF and C, = 15 uF 
(All India) 
Given Va =90 V, C,=20uF C,=30uF and 
C, = 15 uF 
Since these capacitors are connected in series, net 
capacitance (C) will be, 
1 1 1 1 1 1 l 9 3 


C7 G G ~ 030 T 6 20 


_. (iii) 
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Ans. 


73. 


20 
C= > HF 


Charge on each capacitor, q = CV 
= | x 90 = 600 uC 





3 
Potential difference across the capacitor C, 
= q _600uC _ 
V= C= F = 20V 


Energy stored in capacitor across C, 


E, = 5C,V? = 5x30 x (20)? = 6000 J 


Two parallel plate X Y 
capacitors X and Y have i 
the same area of plates 

and same separation 

between them. X has air 

between the plates while ri A 


Y contains a dielectric 
medium of £, = 4. 

(i) Calculate capacitance of each capacitor if 
equivalent capacitance of the combination 
is 4 uF. 

(ii) Calculate the potential difference between 
the plates of X and Y. 

(iii) Estimate the ratio of electrostatic energy 
stored in X and Y. (Delhi) 

(i) Let C, = C 
C, = 4C (as it has a dielectric medium of 
€ =4 
For series combination of two capacitors 

1 1 1 = 1 I 1 


C Q Cy 4uF C 4C 
A = C = 5yF 
AuF 4C 


Hence, C, = 54E C, = 20 uF 
(ii) Total charge Q = CV = 4uF x 15 V = 60 uC 
y =- Q-C _ yoy 
Ce SUF 
Y C,  20pF 
Q2 
2C, 


Q? 


DE = E= 
(iii) E, ac,’ Fy 








E: E,3: 4:1 
Define an _ equipotential 
equipotential surfaces : 
(i) in the case of a single point charge and 
(ii) in a constant electric field in Z-direction. 
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Ans. 


74. 


Ans. 


75. 


Shiv Das Chapterwise Question Bank (Physics XII) 


Why the equipotential surfaces about a 
single charge are not equidistant? 
(iii) Can electric field exist tangential to an 
equipotential surface? Give reason. (All India) 
A surface with a constant value of potential at all 
points of the surface is defined as “equipotential 
surface’ gare 


F 
(i) Equipotential surface for a / / 
single point charge. 


(ii) Equipotential surface in a 
constant electric field as 
shown in the adjoining 
diagram. 

Equipotential surface are not 





equidistant, because V œ 2 
P 


(iii) No, If the field lines are tangential, work will 
be done in moving a charge on the surface 
which goes against the definition of 
equipotential surface. 

A parallel plate capacitor, of capacitance 20UE is 

conneted to a 100 V supply. After sometime the 

battery is disconnected, and the space, between 

the plates of the capacitor is filled with a 

dielectric, of dielectric constant 5. Calculate the 

energy strored in the capacitor (i) before (ii) after 
the dielectric has been put in between its plates. 
(Comptt. Outside Delhi) 


Given: C = 20 uF = 20 x 10£ F V=100V 
K=5 E,=? z=? 
Charge stored, Q = CV = (20 x 10) x (100) 
= 2000 uC 
New value of capacitance (C’) = 5 x 20 uF = 100 uF 
2 
Energy stored in a capacitor, (E) = -— 
(i) .. Energy stored before dielectric is 
introduced 
—6 6 
ee 1... (2000 x10 )x (2000 x10 ) o 01 
2 (20 x 10-6) 
(ii) Energy stored after the dielectric is 


introduced 
(7. there is no change in the value of Q ) 
1_ (2000 x 10) x (2000 x 10°) 


E, = >x 


= 0.02 
2 (100 x 10) J 


(i) Find equivalent capacitance between A 


Q 


and B in the combination given below. 
Each capacitor is of 2 uF capacitance. 
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76. 


Ans. 


C ~<a <1 
6 Ty TEA i 
(ii) If a dc source of 7 V is connected across 
AB, how much charge is drawn from the 
source and what is the energy stored in 
the network? (Delhi) 
Given : C, = C, = C, = Gy = C, = 2uF 
=2 x 10° F 
(i) Capacitors C,, C} and C, are in parallel 
Coy = © PCy Cee 2a +2 
Coo, = OWF 
Capacitors C}, C,34 and C, are in series 








îi 4 1 ? @.¢.% 9 
. = — + +—=—+—+—=—UF 
Ce Ci Coe C5 2 6 2 6 

6 Can. 
equivalent T a = 7 10 Í F 


(ii) Charge drawn from the source 
Q=C,V= - x 7 uC = 6 uC 


Energy stored, 


u= ZE, 7 ) 
2C 2 6x10° 





-12 
_ (6x6x10 a J=21yJ 
21610) 

A 12 pF capacitor is connected to a 50 V battery. 
How much electrostatic energy is stored in the 
capacitor? If another capacitor of 6 pF is 
connected in series with it with the same 
battery connected across the combination, find 
the charge stored and potential difference 
across each capacitor. (Delhi) 
Energy stored, in the capacitor of capacitance 
12 pE 


ECV? 
2 


(i) U 


- x (12 x 10-12) x 50 x 50 J 
...[Given V = 50] 
1.5 x 10 J ...(1) 
(ii) C = Equivalent capacitance of 12 pF and 
6 pF, in series, is given by 





1 1 1_1+2 
C 12 6 12 
n C=4 pF 


.. Charge stored across each capacitor 
g=CV =4x10")x50C=2x10"C 

Charge on each capacitor 12 pF as well as 

on 6 pF is2x10%%C 

.. Potential difference across capacitor C} 
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(ii) 
Ans. (i) 


Q 


Vw 


Chapter 2 : ELECTROSTATIC POTENTIAL AND CAPACITANCE 


V. = q Gxi) 
E a a 
C, 12x10 


Potential difference across capacitor C, 


volt = =v 


-10 
V, = a era) wks y 
Cy (6x10 ~j 3 
Derive the expression for the electric 
potential due to an electric dipole at a 
point on its axial line. 
Depict the equipotential surfaces due to 
an electric dipole. (Delhi) 
The potential due to the dipole is the sum 
of potentials due to the charges q and -q 
ia z|2-4 Ai) 
ATE ( 1 io) 
where 7, and r, are the distances of the 
point P from q and —g, respectively. 
Now, by geometry, 78. 
r2 = r? + a — 2ar cos 8, 
r2 =r? + a + 2ar cos 0 
If r is much greater than a (r >> a) then, 
2 
mor 1 2acos0 5H 2 G- sacot) 
r r r 
Similarly, 
Ans. 
Ter G- et 
r 
ri we -zæ P 
= a4 
ga = 
ti 
LZ r 
2a ke i 
P| 
‘a 
rat -q 


Using the Binomial theorem and retaining 
terms upto the first order in a/r; we obtain, 


—1/2 
= 221-288) = T14 2cos0 ...(1) 
mh F r f f 


J2 
Z = 114 cot) = t1- Zcos0)...(ii) 
r r t 
Using Equations (1), (iti) and (iii) and p = 2qa, 
we get 


e 
ATE: r2 


Ip r 


2acosð®  pcos® 
2 











ATE gr 


Now, p cos 0 = p.f 
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where 7 is the unit vector along the 
position vector OP. 

The electric potential of a dipole is then 
given by 


> 


l p. 
E- si {>> 7 
ATEQ r2 ( ) 





...(10) 


From the above equation (iv), potential on 
the dipole axis (8 = 0, r) is given by 


1 P 


ANE) r? 





(ii) Equipotential surface for an electric dipole 





Two identical capacitors of 12 pF each are 
connected in series across a battery of 50 V. 
How much electrostatic energy is stored in the 
combination? If these were connected in 
parallel across the same battery, how much 
energy will be stored in the combination now? 
Also find the charge drawn from the battery in 
each case. (Delhi) 
Given : C, = C, = 12 pF, V=50 V 
l . ee 1 1 1 
(1) In series combination : — = (= = =| 
C B p 


C, = 6 x 10£ pF 


U, = +CVv? 
2 
U, = s x (6 x 10-12) x (50 x 50) J 
U, = 75 x 10" J 
q, = CV 
q, = CV = 6 x 50 = 300 x 10712 C 
= 3 x 1071 C 
12pF 12pF 
m 
50 V 


(ii) Parallel combination : 
C = (12 + 12) pF 
i C, = 24x 10 -F 


U = 


S 


- x (24 x 10-12) x (50 x 50) 
= 3x 10®J 
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Ans. 


Q 
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Jp = CV 

Ip = 24x 1072 x 50 = 1.2 x 10°C 
12pF 
12pF 
50 V 


Two identical parallel plate capacitors A and B 
are connected to a battery of V volts with the 
switch S closed. The switch is now opened 
and the free space between the plates of the 
capacitors is filled with a dielectric of 
dielectric constant K. Find the ratio of the total 
electrostatic energy stored in both capacitors 
before and after the introduction of the 
dielectric. (All India) 


fo p 


Given : C, = C, = C, Emf = V volts 











Pi 


Dielectric constant = K : ? 
2 
We know that : 
1 1 Q? 
E tored = —CV?2 | = —= E 
nergy store T: (i) 


Net capacitance with switch S closed = C + C = 
2C (77 being in parallel) 


.. E, = Energy stored = - x (2C) x (V2) = CV? 
...(i1) 


After the switch S is opened, capacitance of 
each capacitor = KC 


.. Energy stored in capacitor A = S KCV? 
actly) 

For capacitor B, 

1Q* 1v _ 10v? 

2KC 2 KC 2 K ` 

From equations (iti) and (iv), we get 

.. E, = Total Energy stored 


Energy stored = ..(10) 
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Ans. 


81. 


Ans. 


i Kai 
= CV SH ...(0) 


From equations (v) and (ii), we get 


2 
Required ratio = he a = = 
E2 CV*(K* +1) (K* +1) 
(a) Write two properties by which electric 
potential is related to the electric field. 
(b) Two point charges q, and q,, separated by 
a distance of r}, are kept in an external 
electric field. Derive an expression for the 
potential energy of the system of two 
charges in the field. (Comptt. Delhi) 
(a) Two properties which relate electric 
potential to electric field— 

(1) Electric field is in the direction in 
which potential decreases at the 
maximum rate. 

(ii) Magnitude of electric field is given by 
change in the magnitude of potential 
per unit displacement normal to a 


charged conducting surface, or E = À 
7 





(b) Work done in bringing the charge q, to a 
81m8 SE qı 
point against external electric field, 


= 
W; = qV (1) 

Work done in bringing the charge q, against 
the external electric field and the electric 
field produced due to charge q, 


1 4492 


— 
W, = q,V + —. 4 
2 = MV (n) TA 
Therefore, Total work done = Electrostatic 


potential energy 


1 1192 


(r) j= 
U = V +g, V 
d1 Y1) T d2 Y Ane,” 145 


A capacitor of unknown capacitance is 
connected across a battery of V volt. A charge 
of 360 uC is stored in it. When the potential 
across the capacitor is reduced by 120 V, the 
charge stored in the capacitor becomes 120 uC. 
Calculate V and the unknown capacitance. 
What would have been the charge on the 
capacitor if the voltage were increased by 
120 V? (Comptt. Delhi) 
Given : q4 = 360 uC = 360 x 10° uC, g,=120 uC 
= 120x 10° C 


C= 4 Also C = @ and C= 
Vi Vo V3 
[7] Capacitor is the same 
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Ans. 


83. 


Ans. 


84. 


Ans. 


Q 
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(360 x10) _ (120 x 10°) 
V (V= 120) 
On solving, V = 180 V 
c = 360x 10° 
180 


= 2uF is the unknown capacitance. 


Now the voltage has been increased by 120 V, 
then V = 180 + 120 = 300 V 


C= 3 = 2uF 
300 j 
qa = 300 x uC 


q, = 600 uC would be the charge on the capacitor 
if voltage were increased by 120 V. 
A capacitor of unknown capacitance is 
connected across a battery of V volt. A charge 
of 240 uC is stored in it. When the potential 
across the capacitor is reduced by 80 V, the 
charge stored in the capacitor becomes 80 LC. 
Calculate V and the unknown capacitance. 
What would have been the charge in the 
capacitor if the voltage were increased by 
80 V? (Comptt. Delhi) 
Similar to Q. 81. 
[Ans : V = 120 V, c = 2 E Q = 400 uC] 
A capacitor of unknown capacitance is 
connected across a battery of V volt. A charge 
of 120 uC is stored in it. When the potential 
across the capacitor is reduced by 40 V, the 
charge stored in the capacitor becomes 40 UC. 
Calculate V and the unknown capacitance. 
What would have been the charge in the 
capacitor if the voltage were increased by 40 V? 
(Comptt. Delhi) 
Similar to Q. 81. 
[Ans : V = 60 V, c = 2 uF, Q, = 200 uC]. 
A parallel plate capacitor of capacitance C is 
charged to a potential V by a battery. Without 
disconnecting the battery, the distance between 
the plates is tripled and a dielectric medium of 
k = 10 is introduced between the plates is 
tripled and a dielectric medium of k = 10 is 
introduced between the plates of the capacitor. 
Explain giving reasons, how will the following 
be affected: 
(i) capacitance of the capacitor 
(ii) charge on the capacitor, and 
(iii) energy density of the capacitor. 
(Comptt. Outside Delhi) 
Given : d = 3d, K = 10, C’ = ?, QO’ = ?, Uy =? 
(i) For parallel plate capacitor 
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Ans. 


Eo A 
d 
Let the new capacity be C’ 


Ke A _ 10x (eq A) 


Ge 











C’ = 
a’ 3d 
[eK = 10, d = 3d] 
ea) 
3 Il a 3 
5 Cac 
3 


(ii) Since V remains the same as the battery is 
not disconnected, 


Q' = CV 

2 ewe Cy a 

g = (2clv oN 
, _ 10 

> Q=- 


3 
(iii) We know energy density (U,) = - E, E 
(i) 





U/ = ŽK e E22 
2 
= 1 Eg (=) [B= "| 
2 d d 
Toe 
2 j° 3d}? 
< 1 = 
= -= Eg XxX — a 
2 ot. a 
= (=) G Eo P? | 
Due 
= aw r (‘as per equation (i)) 
3 10 


Derive the expression for the electric potential 
at any point P, at distance r from the centre of 
an electric dipole, making angle a, with its 
axes. (Comptt. All India) 
The potential due to the dipole is the sum of 
potentials due to the charges q and -q 


V= z(2-4 ...(i) 
ATEQ ri iso] 


where 7, and r, are the distances of the point P 
from q and —g, respectively. 
Now, by geometry, 


1,7 = r? + a — 2ar cos 9, 


r, = r? + a? + 2ar cos 0 
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If r is much greater than a (r >> a) then, (ii) electric field and (iii) energy density of the 


capacitor change. (All India) 


2 
Par [1-2228 +e r 


r r r 
Similarly, 
22 2a cos ð 
7 
Fi aT -a P 
E o wet 
~---~ an 
Fo 
ia a 
Pa 
D 
2a r5 "2 
pl 


Using the Binomial theorem and retaining terms 
upto the first order in a/r; we obtain, 
on (1 7 pacoso y 


~ 


= = T14 2cos0 ...(1) 
r r 


ll r r 


1/2 
Z = 2(14 Bost) = *[1-2cos0 ...(111) 
hn r r r 


Using Equations (t), (ii) and (iii) and p = 2ga, we 
get 


r 


2acosð®  pcos® 


= 4 
y 2 2 


ATE: r 











7 ATE yr 
Now, p cos 0 = p.f 
where 7 is the unit vector along the position 





vector OP. 
The electric potential of a dipole is then given by 
V= =F ss a) (iv) 
ATEQ r 


From the above equation (iv), potential on the 
dipole axis (0 = 0, 7) is given by 

w 

ATEg r? 





Long Answer Type Questions (LA) 87. 


(5 Marks) 


86. Derive an expression for the energy stored in a 
parallel plate capacitor. 
On charging a parallel plate capacitor to a 
potential V, the spacing between the plates is 
halved, and a dieletric medium of €e, = 10 is 
introduced between’ the plates, without 


disconnecting the d.c. source. Explain, using 
suitable expressions, how the (i) capacitance, 


Q 
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(a) Consider a parallel plate capacitor with plate 
area ‘A’ and separation between the plates 
equal to ‘d’. Suppose at any instant of time 
charge on the capacitor plate is ‘g and 
potential difference due to this charge is “v. 
To supply a charge ‘dq’ further to the 
capacitor amount of work required is 


dW = Vdq_ or dW = a dq U q= Co) 


In order to supply a charge ‘Q’ 


Q 
1 
Work required, W = T faqaq 

















0 
2 
=> W = 1Q* 
2C 
a 107 
Thus energy stored by capacitor is, U = ae 
KepA _ KegA 
b C = 0 = 0 = d = d/2 
O Ogs SO = ) 
Bi 20£0A _ a E,A 
G= = 200, (Cs ra, 
~. Capacitance becomes 20 times 
y V V 
E = = — E3 d _ d/2 
(ii) PES ( ) 
-2V _ TEn NOR. 
E; =2-7 = 2E, CE ri 


.. Electric field is doubled 
(iii) Energy density, 


2 Ey Eq 2 
Ce E= Z) 
€0 
B. 2 _ 10 2 


1 : 
= U; = 40 G € E,7) = 40 Ui 
So energy density is 40 times 


(a) Write two properties of equipotential sur- 
faces. Depict equipotential surfaces due to 
an isolated point charge. Why do the equi- 
potential surfaces get closer as the distance 
between the equipotential surface and the 
source charge decreases? 


(b) An electric dipole of dipole moment 7, is 
placed in a uniform electric field E. De- 


duce the expression for the torque 7 acting 
on it. (Comptt. All India) 
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Ans. (a) Properties of equipotential surfaces: 

(i) No work is done in moving a test charge 
over an equipotential surface. 

(ii) No two equipotential surfaces can inter- 
sect each other. 

(iii) Equipotential surface due to an isolated 
point charge is spherical. 

(iv) The electric field at every point is 


normal to the equipotential surface 


passing through that point. (any two) 
As E = a or dr = Z 
dr E 


For the same charge in the value, V, 
1.e., When dV = constant, 


1 
we have dr « F 


Hence, equipotential surface gets closer as 
the distance between the equipotential 
surface and the source charge decreases. 


Equipotential 





Equipotential surface due to an isolated charge 
(b) Consider a dipole with charges +q and -q 
= 


placed in a uniform electric field E such that 
AB = 2a as shown in the figure. 


2a sin 8 





Since the dipole experiences no net force in a 
uniform electric field but experiences a torque (T) 
is given by 
> > 
tT=pxE 
It tends to rotate the dipole in clockwise direction. 


To rotate the dipole anti-clockwise work has to be 
done on the dipole. 


. T= pE sin 0 


02 
or W = f pEsino do 
01 


02 
W = fado 


0) 
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or W=pE [-cos 6], 
W = - pE [cos 8, — cos @,] 


88. (a) Obtain the expression for the potential due 
to an electric dipole of dipole moment p at 
a point ‘x’ on the axial line. 

(b) Two identical capacitors of plate dimen- 
sions | x b and plate separation d have di- 
electric slabs filled in between the space of 
the plates as shown in the figure. 


| 





Obtain the relation between the dielectric 
constants K, K, and K,.(Comptt. All India) 
Ans. (a) Potential at a point due to an electric dipole : 
Let us consider an electric dipole consisting 
of two equal and opposite charges -q at A 
and +q at B, separated by a distance 2 with 
centre at O. We have to calculate potential at 
a point P, whose polar co-ordinates are (r, 0); 
i.e. OP = r and ZBOP = 9, as shown in the 


figure. 
Here AP = r, and BP = 1,, we can easily cal- 
culate potential as P due to point charges at 











A and B using V = = 
ATE r 
Va l aded 
ATEQ fi ATEQ l 


Total potential at P due to both the charges of 
the dipole is given by 
V=V,+V, 





That is, V = —! 2-2) Ai) 
ATE, 1p ti 


To put this result in a more convenient form, 

we draw normals from A and B on the line 

joining O and P. From ABOD, we note that 

OD = I cos 8 and from AOAC we note that 

OC = I cos 0. For a small dipole (AB << OP), 

from the figure, we can take PB = PD and 

PA = PC. 

Hence r} =r + 1 cos 9, r, =r- l cos 0 

Using these results in equation (i), we get 
v- | 1 E 1 

Amtég [(r-—Icos8) (r+lcos®) 

_ g (21 cos 0) _ gx 2Ilcos8® 

E Ang, | (r? — I? cos? 0) E 2 
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where we have neglected the term containing 
second power of l since | << r 
In terms of dipole (p = q x 21), we can express 


A (ü) 
This result shows that unlike the potential 
due to a point charge, the potential due to a 
dipole is inversely proportional to the square 
of the distance. 
Let us now consider its special cases. 
Special Cases 
Case I : When point P lies on the axial line 
of the dipole on the side of positive 
charge, 
0 = 0 and cos 0 = 1 
Then equation (ii) reduces to 





this result as V = 
ATE gr 


.. (iii) 
Case II : When point P lies on the axial line 
of the dipole but on the side of 


negative charge, 
0 = 180° and cos 9 = 1 


V = +> 
oe Ane gr? 


Then Vayqg =- 5 ule) 


ATE gr 

Case III :When point P lies on the equatorial 

line of the dipole (perpendicular bisector of 

AB), 8 = 90° and cos 9 = 0 

Then Y senatorial = 0 ...(0) 

Thus, electric potential due to a dipole is 
zero at every point on the equatorial 
line of the dipole. 

EqK x (1 x b) i) 

d 


In second case, these two apartments are in 
parallel, their net capacity would be the sum 
of two individual capacitances 


C, = C +C, 


In first case, C, = 
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Ans. 


(a) 


(b) 


(a) 


eK- x p) eoKa[ 5 x p) 
————_— F um — 


d d 
Ss 2e, X2 (K, + K)) Ad 


Since these are identical capacitors, compar- 
ing (i) and (ii), 
We have C, = C, 


eoK(1xb) (I xb) G 5i 
d "a 2 
K = K, +K, 
2 
Explain, using suitable diagrams, the 
difference in the behaviour of a (i) 


conductor and (ii) dielectric in the presence 
of external electric field. Define the terms 
polarization of a dielectric and write its 
relation with susceptibility. 

A thin metallic 

spherical shell of A 
radius R carries a 
charge Q on its surface. 


A point charge is 
placed at its centre C 
and another charge 
+2Q is placed outside the shell at a distance 
x from the centre as shown in the figure. 
Find (i) the force on the charge at the centre 
of shell and at the point A, (ii) the electric 


flux through the shell. (Delhi) 


(i) Behaviour of conductor in an external 
electric field : 





Conductor 
(ii) Behaviour of a dielectric in an external 
electrical field : 





Dielectric 


Explanation : In the presence of electric field, 
the free charge carriers in a conductor move 
the charge distribution and the conductor 
readjusts itself so that the net Electric field 
within the conductor becomes zero. 


WW.JEEBOOKS.IN 


Chapter 2 : ELECTROSTATIC POTENTIAL AND CAPACITANCE 483 


In a dielectric, the external electric field 
induces a net dipole moment, by stretching / 
reorienting the molecules. The electric field, 
due to this induced dipole moment, 
opposes, but does not exactly cancel the 
external electric field. 

Polarisation : Induced Dipole moment, per 
unit volume, is called the polarisation. For 
Linear isotropic dielectrics having a 
susceptibility x, we have polarisation (p) as: 

p = XE 


(b) (i) Net Force on the charge =, placed at the 


centre of the shell, is zero. 
Force on charge ‘2Q’ kept at point A, 
3Q 


(ho 
pore eN 


ATE x 
. x __1 
ATE, 


(ii) Electric flux through the shell, 





d = 2 x magnitude of the charge 
“0 enclosed by the shell 


Eg 2 


_ Q 
D= ae 


90. (i) If two similar large plates, each of area A 
having surface charge densities +o and -6 
are separated by a distance d in air, find the 
expressions for 

(a) field at points between the two plates 
and on outer side of the plates. Specify 
the direction of the field in each case. 

(b) the potential difference between the plates. 

(c) the capacitance of the capacitor so 
formed. 

(ii) Two metallic spheres of radii R and 2R are 
charged so that both of these have same 
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Q 





Ans. 


surface charge density o. If they are 
connected to each other with a conducting 
wire, in which direction will the charge 
flow and why? (All India) 








(1) Given : o. 
Inside 
E E F, 
Outside Ei 
Plate 1 Plate 2 
> > > 
(a) Inside E =E, +E, = S -2 
2£0 Eg 
> = Bes 
Outside E =E,-E, = = 0 
E0 
(b) Potential difference between plates, 
vernis o= 
E€0A 
(c) Capacitance, C = S= aà 
(ii) As potential on and inside a charged sphere 
is given 
1 Q 1 4nar’o 








7 ATE, r 7 ATE, l r 

...[r = radius of sphere) 
Now, potential of metallic sphere of radius R 
is given by, 

Q _ 8(4mR*) _ 8R 


Va =e 
~ AmepR Anen E 





Ù 


Similarly, potential of metallic sphere of 
radius 2R is given by, 


v- - S(4n(2R)) _ &2R 
2R Ame,(2R)  4neol(2R) so 
0 0 0 
...(ii) 
From (i) and (i), we know that Vj, > Vp 


Hence, the bigger sphere will be at a higher 
potential, so charge will flow from bigger 
sphere to smaller sphere. 
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CURRENT ELECTRICITY 


3. Current Electricity 


QUICK REVISION OF THE CHAPTER 


1. Electric current. The rate of flow of electric charge through a conductor is called electric current. 


The SI unit of electric current is ampere ‘A’. 
. Ohm’s law. It states that “physical conditions remaining unchanged, the current flowing through a conductor is always directly 
proportional to the potential difference across its two ends.” 
Let V be potential difference and I be current 
then V œ I 
=> V=RI where [R is the resistance of the conductor. The SI unit of resistance is ohm Q.] 
. Resistance of a conductor. The resistance of a conductor of length / and cross-section area A is given by 
R= p 2 where [p is the resistivity of the material of the conductor.] 
. Resistivity. It is defined as the resistance offered by a wire of this material of unit length and unit cross-section area. It is also 
known as specific resistance of this material of the conductor. The SI unit of resistivity is Ohm metre ‘Q m’. 
. Conductance. The reciprocal of the resistance of a conductor is called its conductance ‘G’. 
Ge] 
R 
The SI unit of conductance is Ohm~!, Q-! or simen ‘S’. 
. Conductivity. The reciprocal of the resistivity of the material of a conductor is called its conductivity ‘o’ 
A 
=p 
The SI unit of conductivity is Ohm™ metre! ‘Q-!'m-!’. 
. Drift velocity. It is the velocity with which a free electron in the conductor gets drifted under the influence of the applied 
external electric field 
t is average relaxation time, 
Vy — where |” is number of free electrons per unit volume in the conductor, 
Me m is mass of an electron and E is electric field. 


. Current density. It gives the amount of charge flowing per second per unit area normal to the flow. The current density 7 is 
given by 

n is the number density of charge carriers each of charge q 

va is the drift velocity. 

. Mobility. Mobility of electron u is defined as the magnitude of the drift velocity per unit electric field E 


J = nq F where 


— [va | Spe: ae See where [t is the average collison time for electrons. 
E E 


Drift speed, v4 = as 
m 


. Temperature coefficient of resistivity. It is defined as the fractional increase in resistivity per unit resistance per degree rise 
in temperature 
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R= Rg 
Rot 

The SI unit of temperature coeffient is °C". 

11. Electric power. The rate of dissipation of electrical energy in an electric circuit is called electric power. 
2 
P=Vre — =FR 

The SI unit of electric power is watt W’. 
12. Electric energy. The total work done by the source of emf in maintaining the electric current in the circuit for a given time is 

called electric energy consumed in the circuit. 

Electric energy, W = Pt = VIt = PRt 

The potential unit of electic energy is kilowatt hour (kWh). 

13. Combination of resistors: 
(i) In series. Equivalent resistance R of n resistors connected in series is given by 
R=R +R, +... +R, 
(ii) In parallel. Equivalent resistance R of n resistors connected in parallel is given by 
1 1 1 l 
— = —+—+...+— 
R Ry Ro Ry 

14. emf. The work done per unit charge by the source in taking the charge from its one terminal to the other is called the 

electromotive force or emf of the source. 

The e.m.f. is equal to the potential difference, when no current is drawn from the source. 
15. Internal resistance. The resistance offered by the elctrolyte of the cell, when the electric current flows through it, is called the 

internal resistance ‘r of the cell. 

When a source of emf ‘e’ is connected to an external resistance ‘R’, the voltage V,,, across R is given by 


Temperature coefficient a = 





€ 
Vex = IR = TF | °° e=EandV,,,=VI 
or r= [= — 1 R where [r is the internal resistance of the source.| 


16. Grouping of cells: 
(i) In series. When two cells of emf £}, €, and internal resistance r, and r, respectively are connected in series, 


€=€, + 
and ret, oh, where [e and r are effective emf and internal resistance respectively. ] 
(ii) In parallel. When two cells of emf €,, e, and internal resistance r, and r, respectively are connected in parallel, then 
_ E12 tEn 
g H tro 
rr: : ; } 
and r= 2 where [e and r are effective e.m.f. and internal resistance respectively.] 
r tro 


Wor: The emf e is also represented by E. 


17. Kirchhoffs rule/law: 
(1) Junction rule. At any junction of circuit elements, the sum of currents entering the junction must be equal the sum of 
currents leaving it. i.e. XI = 0. 
(ii) Loop rule. The algebraic sum of changes in potential around any closed loop involving resistors and cells in the loop 
must be zero. 
DIR + DE =0 


18. Wheatstone bridge. The wheatstone bridge is an arrangement of four resistors R}, R,, Ra, R, as 
shown in Figure 
In balanced condition, 
R R R 
eo ees = Rs- A&R 
Rə Rg Ry 
Knowing the values of three resistors, the value of resistor R, can be determined. 








19. Meter bridge. A meter bridge is a practical form of wheatstone bridge. It is used to find the value of unknown resistance R by 
using the standard known resistance S 
R= 5: 
100 Ta: l . . . . . . 
20. Potentiometer. It is a device to compare potential differences. It is also used to measure potential difference, internal resistance 


of a cell and compare emfs of two sources. 








(ù) Determination of potential difference, V = — . R 
r 
E1 l 
(ii) Comparison of emf of two cells, o 
2 2 


. a os , . h -l 
(iii) Determination of internal resistance r of a cell, r= R [A= 
2 
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UNITS USED 
I A A] 


Electric current 

Potential difference 
Electromotive force (emf) 
Resistance 

Resistivity 

Electrical Conductivity 


I m 
im 


s (Simen) 


Electric field Vm- [MLTA7] 


J ml av 


ms7! [LT-1] 


Drift velocity 


= 
Q 


Am? [LA] 
s [T] 
mêV-!s- [ML3T-4A-}] 


Current density 


Relaxation time 
Mobility 


E a =] 





Previous Years’ CBSE Examination Questions 
Very Short Answer Type Questions (VSA) electrons in X is twice that in Y, find the ratio of 


drift velocity of electrons in the two wires. 


(1 Mark) (All India) 
1. The plot of the variation Ans. I = neA vj a ate = z 
of potential difference gy dy j 
across a combination of J 
three identical cells in As n, = 2n, n a =5 
series, versus current is as a, 
shown in the figure. What . 
is the emf of each cell? 9 7 es 
(Delhi) 4. A resistance R is connected across a cell of emf 
Ans. Total emf of three cells in series € and internal resistance r. A potentiometer now 


measures the potential difference between the 
terminals of the cell as V. Write the expression 
for ‘r in terms of e, V and R. (Delhi) 


= P.D corresponding to zero current = 6V 


The emf of each cell = $ = DV 


€ 
Ans. Expression : r = (= a} 
2. A wire of resistance 


8R is bent in the form 





of a circle. What is the oo — 
effective resotiiicë 5. When electrons drift in a metal from lower to 
between the ends of a A B higher potential, does it mean that all the free 
diameter 2AB? (Delhi) praca the metal are moving in a are 
irection? elhi 

ines ae Gee ean 4Q Ans. No, only the drift velocities 

DES i u of the electrons are 

ARx4R 16R2 superposed over their 

ef 4R+4R 8R 2R random (haphazard) 


thermal velocities. The solid 
line shows the random path 
followed by a free electron in 
the absence of an external 
field. 


... [Since two resistors are in parallel 

3. Two conducting wires X and Y of same diameter 
but different materials are joined in series 
across a battery. If the number density of 
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Ans. 


Ans. 


Ans. 


Ans. 
10. 


Ans. 


11. 


Ans 


. A 10 V battery of 


.A 5 V battery of 


The electron proceeds from A to B, making six 
collisions on its path. The dotted curve shows 
how the random motion of the same electron gets 
modified when an electric field is applied. 


. Show on a graph the variation of resistivity with 


temperature for a typical semiconductor. (Delhi) 


Resistivity of a semi- 
conductor decreases T 


rapidly with temperature. , 


T= 


. Two wires of equal length, one of copper and 


the other of manganin have the same resistance. 
Which wire is thicker? (All India) 


As R = £ Aan 
For both wires R and / are same and p copper < 
p manganin 
A copper < A manganin 
i.e. Manganin wire is thicker than copper wire. 


10V 


negligible internal 
resistance is conne- 
cted across a 200 V 
battery and 
resistance of 38 Q as 
shown in the figure. Find the value of the current 
in circuit. (Delhi) 
Applying Kirchhof’s rule, we get 200 — 10 = 190 V 
V 190 


and J =] =s = =5A 
R 38 





38 02 200 V 


negligible internal 
resistance is connected 
across a 200 V battery 
and a resistance of 39 





j | H- | 
Q as shown in the 392 200 V 
figure. Find the value of the current (Delhi) 





=5A 


Value of current, i = — = 


The emf of a cell is always greater than its 


terminal voltage. Why? Give reason. (Delhi) 
Emf is the p.d. when no current is drawn. When 
current is drawn, there will be potential drop 
across the internal resistance of the cell. So, terminal 
voltage will be less than the emf. 

A cell of emf ‘F’ and internal resistance ‘r’ draws 
a current ‘I’. Write the relation between terminal 
voltage “V’ in terms of E, I and r. (Delhi) 
V=E-L 
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12. 


Ans. .. 


13. 


Ans. 


14. 


Ans. 


15. 


Ans. 


16. 


Ans. 


17. 


Ans. 
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Two identical cells, each of emf E, having 
negligible internal resistance, are connected in 
parallel with each other across an external 
resistance R. What is the current through this 


resistance? (All India) 


E 


ied 


[When cells are connected in parallel, emf remains 


unchanged] 


Why is the terminal voltage of a cell less than its 
emf? (Comptt. All India) 
Terminal voltage of a cell is less than emf because 
some curent, however small, may be is drawn to 
measure terminal voltage due to internal resis- 
tance of the cell. 

Two students A and B were asked to pick a re- 
sistor of 15 kQ from a collection of carbon resis- 
tors. A picked a resistor with bands of colours : 
brown, green, orange while B chose a resistor 
with bands of black, green, red. Who picked the 


correct resistor? (Comptt. All India) 
Student ‘A’ picked up the correct resistor of 15 kQ. 


Define the term ‘Mobility’ of charge carriers in a 
conductor. Write its S.I. unit. (Delhi) 
Mobility of charge carriers is defined as the 
magnitude of the drift velocity per unit electric 
field E. 


eT 


m 





V 
u = 4 

SI unit : mS-!N“!C 
Show variation of resistivity of copper as a 


function of temperature in a graph. (Delhi) 
T 
E 
G 0.4 
2 
>02 
= 
w 
D 
am 
O 50 100 150 
Temp T(K) > 


Define the term ‘electrical conductivity’ of a 
metallic wire. Write its S.I. unit. (Delhi) 
Conductivity. The reciprocal of the resistivity of 
the material of a conductor is called its 
conductivity ‘o’ 
pe 
p 
The SI unit of conductivity is Ohm! metre“! 
(Qm). 


WW.JEEBOOKS.IN 


48 


18. 


Ans. 


19. 


Ans. 


20. 


Ans. 


21. 


Ans. 
22; 


Ans. 


23. 
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Define the term ‘drift velocity’ of charge carriers 
in a conductor and write its relationship with 
the current flowing through it. (Delhi) 
Drift velocity. It is the velocity with which a free 
electron in the conductor gets drifted under the 
influence of the applied external electric field 


— 
7z ae | 
dm neA 
t is average relaxation time. 


n is number of free electrons per unit volume in 


... where the conductor. 


m is mass of an electron and E is electric field. 
How does the random motion of free electrons 
in a conductor get affected when a potential 
difference is applied across its ends? 
(Comptt. Delhi) 
Random motion of free electrons gets directed 
towards the point at a higher potential. 


State the underlying principle of a 
potentiometer. (Comptt. Delhi) 
When a constant current flows through a wire of 


uniform cross-section and of uniform 
composition, the potential difference across any 
length of wire is directly proportional to its 
length, i.e., 
Væl 

Write the expression for the drift velocity of 
charge carriers in a conductor of length 'l' across 
which a potential difference 'V' is applied. 

(Comptt. All India) 


eV 
Tt 
How does one explain increase in resistivity of a 
metal with increase of temperature? 
(Comptt. All India) 
With increase in temperature, the relaxation time 
(average time between successive collisions) 
decreases and hence resistivity increases. Also, 
_ m 
P= metr 
resistivity increases, as t decreases with increase 
in temperature. 


Us 





Graph showing 
the variation of 
current versus 

C D 
voltage for a § 
material GaAs is 5 E 
shown in the B 


figure. Identify 
the region of 

(i) negative resistance 

(ii) where Ohm’s law is obeyed. 





A Voltage V > 


(Delhi) 
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Ans. 


24. 


Ans. 


25. 


Ans. 


26. 


Ans. 


27. 


Ans. 


28. 


DE : Negative resistance region. 

AB : Where Ohm’s law is obeyed. 
I — V graph for a metallic 
wire at two different 
temperatures, T, and T, is 
as shown in the figure. 
Which of the two 
temperatures is lower and 
why? (All India) 
The temperature T, is lower. Larger the slope of 
V-I graph, smaller the resistance. As the resistance 
of a metal increases with the increase of 
temperature, resistance at temperature T} is lower. 





The plot of the variation 
of potential difference 
across a combination of 
three identical cells in 
series, versus current is 
shown along the 
question. What is the v 
emf and internal 
resistance of each cell? 0 
(All India) 
(1) Since 3 identical cells are connected in series 
E’ = E + E, + E, = 3E = 6V when I is zero 


6V 


1A Ic 


Hence E = 2V 
(ii) E=Ir+vV 
or Ir=E-Vorr= -4 = 20 


(From the graph, current is 1A corresponding 
to V = 0) 
Why is a potentiometer preferred over a 
voltmeter for determining the emf of a cell? 
(Comptt. Delhi) 
Potentiometer does not draw any (net) current 
from the cell; while Voltmeter draws some current 
from cell, when connected across it, hence it 
measures terminal voltage. It is why a 
potentiometer is preferred over a voltmeter to 
measure emf. 


Nichrome and copper wires of same length 
and same radius are connected in series. 
Current I is passed through them. Which wire 
gets heated up more? Justify your answer. 
(Outside Delhi) 

Nichrome : 
Nichrome wire gets heated up more because of 
higher resistivity of nichrome. 

Resistivity,,, > Resistivity, 
Define the conductivity of a conductor. Write 
its SI unit. (Comptt. Outside Delhi) 
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Ans. Conductivity is defined as the reciprocal of 


ae 1 
resistivity, 1.e., 0 = — 
P 


Its SI unit is S(siemen). 


Short Answer Type Questions-I (SA-1) 
(2 Marks) 


29. Two metallic wires of the same material have 
the same length but cross-sectional area is in the 
ratio 1 : 2. They are connected (i) in series and 
(ii) in parallel. Compare the drift velocities of 
electrons in the two wires in both the cases 
(i) and (ii). (All India) 

Ans. Given: 1, = 1, =! 
A, j 
A,:A,=1:2 o A 2 
As R=o0 =, as py = Py 
R 2 


We have Ry ~] 
(1) In series current is same so from 
I A; _ 1 
nak So, L, = L, Ay 





OJ = 
U 
We get —1 = 5 
Vd, 1 
(ii) In parallel current gets divided in inverse 
ratio of resistances 


2 
Udit ld, = 2 3-1 





h oR _1 
Gn 
l I, 
AS Ug, = enA, ’ Ud, = enA, 
U 1 2 1 
We have ia ee, eee 
om I Ay 2 1 1 


Va,° Vd, = 1:1 


30. Derive an expression for the resistivity of a good 
conductor, in terms of the relaxation time of 
electrons. (All India) 


Ans. Drift speed gained by an electron under the effect 


ee 
of electric field E in a conductor is 


eE 
Ug = Wa 

eV V 
07 = m afee 2] 


We have relation, I = neAv; 


eV V ml l 
l=neA |—,T|, R= = =R=p— 








ml A 
ml L. 
wA RA 
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31. 


Ans. 


32. 


Ans. 


33. 


Ans. 
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which is the required relationship 





T m 
eT Bap 
between resistivity and relaxation time of electrons. 


Using the mathematical expression for the 
conductivity of a material, explain how it varies 
with temperature for (i) semiconductors, (ii) 
good conductors. (All India) 


ne2t 





Conductivity © = 


(1) Semiconductors : With increase in temperature, 
conductivity of semiconductor increases. It is 
due to increase in ‘n’. It dominates the effect 
caused by decrease in ‘7’. 

(i) Good conductors With increase in 
temperature, conductivity of good conductors 
decreases. It is due to decrease in the value of 
relaxation time. The effect of increased value 
of ‘n’ is negligible. 


A cell of emf ‘E’ and internal resistance ‘r’ is 
connected across a variable resistor ‘R’. Plot a 
graph showing the variation of terminal 
potential “V’ with resistance R. 
Predict from the graph the condition under 
which “V’ becomes equal to ‘E’. (Delhi) 
(i) V = € — Ir gives the terminal voltage 
and can be plotted as shown in Figure 1. 
(ii) The graph between V and R, is shown in 
Figure 2. 


V V 
E 


I = constant 


I R 


Figure 1 Figure 2 


V becomes E when no current is down. 
Derive an expression for drift velocity of free 
electrons in a conductor in terms of relaxation 
time. (Delhi) 
In the absence of electric field the electrons 
motion is random and the net velocity is zero. In 
the presence of electric field, they tend to flow 
opposite to that of the electric field in the 
conduction. If an electric field ‘F’ is applied across 
a length / of the conductor, the electrons will 
eE 
experience an acceleration, a = — 7 
If the average time for the acceleration is qt, the 
velocity required is 


— 
> > > > eE 


a eE 
Vd =Uut+tat=at = Me 


Vd|= — T 
i m 
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34. Calculate the current drawn from the battery in 
the given network. (All India) 





Ans. Since Èm =, the current through R, = 5 Q is 
1 4 
zero and so is electrically absent. 
(R,, R5) and (R, R,) are in series to give 3 Q and 
6 Q respectively. They are themselves in parallel 
to form 
3x6 18 


= a = 2Q 
eq 3+6 9 





.. Current drawn from the battery, 





[=~ EEA 
Rg 2 
35. Define current sensitivity and voltage 


sensitivity of a galvanometer. Increasing the 

current sensitivity may not necessarily increase 

the voltage sensitivity of a galvanometer. 

Justify. (All India) 
Ans. Current sensitivity is defined as the deflection 

produced in the galvanometer when unit current 

is passed through its coil. 

0 nBA 


ea radian/ampere or division Aq! 





n = Number of turns in the galvanometer. 
k = Restoring couple per unit twist or torsional 
constant. 


...where 
Voltage sensitivity is defined as the deflection 
produced in the galvanometer when unit voltage 
is applied across the coil of the galvanometer. 
= =— = radian/volt or div. V~! 
S V KR 


...where [R = Resistance of the coil 





l le 4 a 
Since V, = R , increase in current sensitivity may 


not necessarily increase the voltage sensitivity. It 
may be affected by the resistance used. 

36. A wire of 15 Q resistance is gradually stretched 
to double its original length. It is then cut into 
two equal parts. These parts are then connected 
in parallel across a 3.0 volt battery. Find the 
current drawn from the battery. (All India) 

Ans. R = 15 Q 
On stretching to double its original length, the 
resistance becomes R, = 60 Q, as on stretching 
volume is constant and R œ /?. 
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The two cut parts will have a resistance of 30 Q 
each as they are connected in parallel, the 





30 
a 15 Q 
Current drawn from the supply = I = 
eq 
et Se Ook 
l5 5 


37. A wire of 20 Q resistance is gradually stretched 
to double its original length. It is then cut into 
two equal parts. These parts are then connected 
in parallel across a 4.0 volt battery. Find the 
current drawn from the battery. (All India) 

Ans. On stretching, the resistance of the wire will get to 
four times, i.e., 80 Q as volume is constant and 

R œ}. 
So the two equal parts will have a resistance of 40 
Q each. 
When connected in parallel, the equivalent 
resistance will be 20 Q 
4 1 


LAN E 
a 2 5 


Current drawn = 





38. In the given circuit, 1A 02878 
assuming point A to be 
at zero potential, use p 20 R; 
Kirchhoffs rules to 
determine the potential lt 3A 
at point B. (All India) 
Ans. Applying Kirchhoffs law 
by moving along ACDE, 7 
we get 
Ve-Va 


—-~1+2x1-2 





= 1 volt 
39. In the meter bridge experiment, balance point 
was observed at J with AJ = I. 


R X 


A J B 


(i) The values of R and X were doubled and then 
interchanged. What would be the new 
position of balance point? 

(ii) If the galvanometer and _ battery are 
interchanged at the balance position, how will 
the balance point get affected? (All India) 





Ans. (i) Balance point will change from / to (100 - I), 
R ] 2X E x E 100-1 
X 100-1 2R R I 
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(ii) From the principle of Wheatstone bridge : 








R_ l x aR (100-! 
X 100-1 
R X 
De 
aA B 


Hence, the galvanometer and cell are are 
interchanged, the condition for a balance 
bridge is still satisfied. Therefore, the 
galvanometer will not show any deflection. 


40. A cell of emf E and internal resistance r is 
connected to two external resistances R} and R, 
and a perfect ammeter. The current in the circuit 
is measured in four different situations: 

(i) without any external resistance in the 

circuit 

(ii) with resistance R, only 
(iii) with R} and R, in series combination 
(iv) with R, and R, in parallel combination 
The currents measured in the four cases are 0.42A, 
1.05A, 1.4A and 4.2A, but not necessarily in that 
order. Identify the currents corresponding to the 
four cases mentioned above. (Delhi) 


Ans. (i)i= E, Hence ti = 4.2 A 
f 


(i) i= —— ; Hence i = 1.05 A 
Rį+r 


€ 
rF R4 F R, 
—— 
pe ike 
R, +R, 
As R, > R, these resistances in increasing order 


(iii) 1 ; Hence 1 = 0.42 A 


(iv) i = ; Hence i = 1.4 A 





A r+R, r+R, +R, 

RK tA 
The currents in decreasing order are : 

4.2 A, 1.05 A, 0.42 A, 1.4 A. 

41. A battery of emf 10 V and internal resistance 3Q 
is connected to a resistor. If the current in the 
circuit is 0.5 A, find 

(i) the resistance of the resistor; 
(ii) the terminal voltage of the battery. 

(Comptt. Delhi) 


are: r, r + 


Ka 10 
Ans. (1) Since o FARR TIR = 0.5 
or oR =- 0.5 or 5 = 3 + R 
R = 20 - 3 = 17Q 
—_ 5 8 
(ii) Since V = IR «. V = To *17= To = 8.5V 


42. A battery of emf 6 V and internal resistance 2 Q 
is connected to a resistor. If the current in the 
circuit is 0.25 A, find 


Q 
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(i) the resistance of the resistor; 
(ii) the terminal voltage of the battery. 
(Comptt. Delhi) 








Ans. (i) Given : Current, I = 0.25 A, emf, € = 6V, 
internal resistance, r = 2 Q 
€ 6 
As l= — = 0.25 = sp 
600 
> 2+ Kh = 55 = 24 
Resistance, R = 24 — 2 = 22 Q 
= 25x22 22 
(íi) As V = IR ays 100 =g N 
Terminal voltage, V = 5.5 V 
43. The network 200 Q 
PORS, shown in 


the circuit dia- 
gram, has the 
batteries of 4 V 
and 5 V and 
negligible inter- 
nal resistance. A 
milliammeter of 20 Q resistance is connected 
between P and R. Calculate the reading in the 
milliammeter. (Comptt. All India) 
Ans. Applying loop rule to loop PQRP 

-4 = 60 - L) - 20 1, =0 
or —4 = 601 - 601, - 201; 
or 201,-151=1 ...[+ by 4 ...(Z) 
Applying loop rule to loop PRSP, we get 

-5 + 2001+ 201, =0 

41,+40I1=1 





[+ by 5 ...(ii) 


200 Q 





an 


4V 


Solving (i) and (ii), we get 
I, = ŻA = 0.064 A 
172 


~. Reading of milliammeter = 0.064 A 
44. The network PORS, 
shown in the circuit 
diagram, has the 
batteries of 5 V and 
10 V and negligible 
internal resistance. 
A milliammeter of 
50Q resistance is 
connected between P and R. Calculate the 
reading in the milliammeter. (Comptt. All India) 
Ans. Applying loop rule to loop PSRP 
-10 + 1001+ 501, =0 
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100 © 
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45. 


Ans. 


46. 


Ans. 


47. 


Ans. 


Q 
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or 100 I+ 50 =10 





or 101+51,=1 ...[+ by 10 ...(Z) 
Applying loop rule to loop PROP 
-50 1, + 5070 -1,)+5=0 
=> -501,+501-501,+5=0 
= 501- 100l +5=0 
100 Q 
R 
50 Q 
10V 
I 
Q 
| “=A 
= 10I- 20 Į = -1 .L+ by 5 ...(i2) 


Solving (i) and (ii), we get 

2 

55 Â = 0.08A 

.. Reading in milliammeter = 0.08A 

State the principle of a potentiometer. Describe 
briefly, with the help of a circuit diagram, how 
this device is used to compare the emf’s of two 
cells. (Comptt. All India) 
Refer to Q. 78, Page 59. 


L = 


An ammeter of resitance 1 {2 can measure 
current upto 1.0 A (i) What must be the value of 
the shunt resistance to enable the ammeter to 
measure upto 5.0 (A)? (ii) What is the combined 
resistance of the ammeter and the shunt? (Delhi) 


Ral 
(1) Shunt Resistance, S = ets te 0.25 Q 
l — ig 5- 
= ; 1 1 1 
(ii) Total Resistance, ——— = — +- =5 
total 0.25 1 
~-1oQ-020 
total 3 =0. 


Explain the term ‘drift velocity” of electrons in a 
conductor. Hence obtain the expression for the 
current through a conductor in terms of ‘drift 
(All India) 
Definition : Drift velocity is defined as the 
velocity with which free electrons in a conductor 
get drifted in a direction opposite to the direction 


velocity’. 


of the applied field. Its unit is mis and 
dimensions [LT-}] 

Expression The E 
magnitude of electric = Ze = 


field set up across the 
conductor is given by 


pco a 
l I 
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48. 


Ans. 


Let n be the number of free electrons per unit 
volume of the conductor. 
Then, total number of free electrons in the 
conductor 

= n X Volume of the conductor 
Hence, Q = (nAl)je 
Time taken by the charge to cross the conductor 
length / is given by 





1 
t= — where [v, is drift velocity of electrons 
Ma 
A 
i222 ae neAv, ..|1 = neAv, 
ft l 


Vd 

Write the expression for the current in a conduc- 
tor of cross-sectional area A in terms of drift 
velocity. (Comptt. All India) 
Drift velocity. Drift velocity is defined as the ve- 
locity of the free electrons with which they get 
drifted towards the positive terminal under the 
influence of the external electric field. The drift 
velocity of electron is of the order of 10° m/sec. 
Expression for current in terms of drift velocity is : 

I = Anev, 
Expression : Consider a conductor of length / and 
of uniform cross-section area A 

Volume of the conductor = Al 
If n is the number of the conductors, then 
total number of free 
electrons in the 
conductor = Aln 
If e is the charge on 
each electron, then 

total charge on all 
the free electrons in the 
conductor, q = Alne aN z 
The electric field set up across the conductor of 
potential difference V is given by, 


pe 
l 
Due to this field, the free electrons present in the 
conductor will begin to move with a drift velocity 
v4 towards the positive terminal of the battery 


Time taken by free electrons to cross the 








conductor, 
(= 
Vd 
Hence, Current I = eh = I= Anev, 
Vd t I / Vd 


Since A, n and e are constants, 

Hence I œ v, 

Therefore, the current flowing through a 
conductor is directly proportional to the drift 
velocity. 
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49. Describe briefly, with the help of a circuit 


Ans. 


50. 


Ans. 


51. 


Ans. 


Q 


diagram, how a potentiometer is used to 


determine the internal resistance of a cell. 
(All India) 


The apparatus is set up 
as per circuit diagram 
drawn here. 5 
The cell (emf €), whose F 
internal resistance (r) is 
to be determined, is pR = 
connected across a Á 
resistance box through a i 
key K,, as shown in the figure. With key K, is open, 
balance is obtained at length /, (AN,), then 

e= Ol, peak) 
When key K, is closed, the cell sends a current (I) 
through the resistance box (R). If V is the terminal 
potential difference of the cell and balance is 
obtained at length l, (AN,) 





cA 








V = $l, asa) 

So, we have £= i ... (iii) 
2 

But e = I(r + R) and V = IR, this gives 

e r+R 

í 7 ) ...(10) 
From (iii) and (iv), we have 

et > r=R([4- | \ 

R l> l> 


Using equation (v) we can find internal resistance 
of the cell. 

Write a relation between current and drift veloc- 
ity of electrons in a conductor. Use this relation to 
explain how the resistance of a conductor changes 


(Comptt. Delhi) 
Relation between current and drift velocity : 


with the rise in temperature. 


I=A nev y 


On increasing temperature, the resistance of the 
conductor increases due to increase in frequent 
collisions of electrons with each other, resulting 
into decrease in the drift velocity. 
Use Kirchhoff’s rules to 
determine the value of 
the current I, flowing in $ 20 Q 
the circuit shown in the I, 
figure. (Comptt. Delhi) 
Using Kirchoff’s first law 
at junction E, we get 
I=1, +1, salt) 
In loop ABCDA, using E 
Kirchoff’s second law, we 
get 


30 Q L 
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52. 


Ans. 


53. 


Ans. 


54. 


Ans. 


55. 
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80 — 20 I, + 301, =0 
> 21-31,=8 
In loop ABFEA, we get 
80 — 20 I, + 20 - 20 I, = 0 
> L+L=5 [+ by 20] ...(i11) 
Putting the value of I, into (i), we have 
L+d,+1)=5 =21L+1,=5 
Solving equations (ii) and (iv), we get 


[+ by 10] ...(72) 


sea (t0) 


IL, =-2A=-075 A 
4 


So (—) sign of current indicates that the direction 
of current is opposite to that as shown in the 
circuit diagram. 

Draw a graph showing variation of resistivity 
with temperature for nichrome. Which property 
of nichrome is used to make standard resistance 
coils? (Comptt. All India) 
Temperature coefficient 
of resistivity (a) is very ° 
small for nichrome. 





Temperature —> 
A battery of emf E and internal resistance r when 
connected across an external resistance of 12 Q, 
produces a current of 0.5 A. When connected 
across a resistance of 25 Q, it produces a current of 
0.25 A. Determine (i) the emf and (ii) the internal 








resistance of the cell. (Comptt. All India) 
re aoe ont) 
Ker lpr 


md S095 di) 
25+r 


Comparing (i) and (ii), we get 





E 
12+r _ 0.5 24r Uo _ 
E 0.25 1247 0.25 
ZOT 


Solving we get, r=1Q 
E=05(02+1) x» E=05x13=65V 

Define mobility of a charge carrier. Write the 
relation expressing mobility in terms of relax- 
ation time. Give its SI unit. (Comptt. All India) 
Mobility. Mobility of electron u is defined as the 
magnitude of the drift velocity per unit electric 
field E 


va | eT 





H 7 m 
and S.I. unit : m?V-1S-1 
A uniform wire of resistance 12 
Q is cut into three pieces so that R; R 
the ratio of the resistances R, : 
R, : R, = 1: 2:3 and the three 
pieces are connected to form a 
triangle across which a cell of 
emf 8V and internal resistance 





1 


8V 
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54 


Ans. 


56. 


Ans. 


57. 


Ans. 


58. 


Shiv Das Chapterwise Question Bank (Physics XII) 


1 Q is connected as shown. Calculate the current 
through each part of the circuit. 
(Comptt. All India) 


R, and R, are in series, R}, = 2Q + 40 = 6Q 
R,, and R, are in parallel 


R123 = 3Q 


1 1 1 
ESEE E nea, 
R R R, 





State Kirchhoff’s rules. Explain briefly how 
these rules are justified. (Delhi) 
Kirchhoff’s rules. 

(i) Kirchhoff’s junction rule : At any junction, 
the sum of the currents entering the junction 
is equal to the sum of currents leaving the 
junction. 

(ii) Kirchhoffs loop rule : The algebraic sum of 
changes in potential in any closed loop 
involving resistors and cells is zero. 

These two laws are justified on the basis of law of 
conservation of charge and the law of conservation of 
energy respectively. 

A cell of emf ‘E’ and internal resistance ‘r is 
connected across a variable resistor ‘R’. Plot a 
graph showing variation of terminal voltage “V’ 
of the cell versus the current ‘T’. Using the plot, 
show how the emf of the cell and its internal 
resistance can be determined. (All India) 
Graph between ‘V’ and I 

= 


R 


Intercept of Y-axis 
will give the value of 


Terminal voltage 
— 





‘E’; while the slope of Slope 

the line will give the Y 

value of internal X 
: > I Current 

resistance. 


Estimate the average drift speed of conduction 
electrons in a copper wire of cross-sectional area 
1.0 x 10~’ m? carrying a current of 1.5 A. Assume 
the density of conduction electrons to be 
9 x 1028 m. (All India) 
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Ans. 


Ans. 


60. 


Ans. 


61. 


Ans. 


62. 


Given : A = 1.0 x 107 m?, 
m=9x 10 Ya? 
We know, I = neAV , 
v- 1 - 1.5 
d neA (9x 1078) x (1.6 x 107!9)(1.0 x 1077) 
V, = 10.4 x 107 m/s 


J= 1.5 A, 


. Estimate the average drift speed of conduction 


electrons in a copper wire of cross-sectional area 
2.5 x 107 m° carrying a current of 1.8 A. Assume 
the density of conduction electrons to be 9 x 1078 
m™. (All India) 





Given : A = 2.5 x 107” m2, I = 1.8 A, 
m = 9 x 1023 m3, A 
We know I = neAv J 
I 1.8 
07 = 


nA (9x1078)x(1.6x107!?)(2.5 x 107”) 
= 005 x 107 m=a.0.5 xl im 
= 0.5 mm 
Estimate the average drift speed of conduction 
electrons in a copper wire of cross-sectional area 
2.5 x 10°’ m? carrying a current of 2.7 A. Assume 
the density of conduction electrons to be 
9 x 107 m. (All India) 
0.75 x 103 ms"! 
Draw a plot showing the variation of resistivity 
of a (i) conductor and (ii) semiconductor, with 
the increase in temperature. 
How does one explain this behaviour in terms 
of number density of charge carriers and the 
relaxation time? (Comptt. Delhi) 
(1) For conductor : (11) For semiconductor : 





B 
z g 
E = 
G JA = 
> Í D 7 
2 3 
tz O A 
D 
x d 
O 50 100 150 O Voltage (V) 
Temperature T (K)> 
(iii) Behaviour: p=—>- 
net . . 
In conductors, average relaxation time 
decreases with increase in temperature, 


resulting in an increase in resistivity. 

In semiconductors, the increase in number 

density (with increase in temperature) is more 

than the decrease in relaxation time; the net 

result is, therefore, a decrease in resistivity. 
Distinguish between emf (e) and terminal 
voltage (V) of a cell having internal resistance 'r'. 
Draw a plot showing the variation of terminal 
voltage (V) vs the current (I) drawn from the 
cell. Using this plot, how does one determine 
the internal resistance of the cell? 

(Comptt. All India) 
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Ans. 


Ans. emf is the potential difference between two 
terminals of the cell, when no current is drawn 
from the cell I while 

e terminal voltage is the 


potential difference 
: E 
between two terminals 
when current passes t 
through it. 
s V 
e negative slope of the 
graph gives internal I ——> 
resistance. 


63. Use Kirchhoff’s rules to obtain conditions for 
the balance condition in a Wheatstone bridge. 

(Delhi) 
Conditions for the balance condition in a 
Wheatstone bridge : 


Ans. 





Applying Kirchhoff’s loop rule to closed loop 
ADBA, 

-LR +0+LR=0 (1, =0) aall) 
For loop CBDC, 


—-LR, ‘J 0 + LR, = 0 (I, = 0) ...(i1) 
From equation, (i) 

i 

I, R 
From equation, (ii) 

LOR . R oR RL 

L R, R, R R, R, 


This is the required balance condition in a 
Wheatstone bridge arrangement. 

64. Use Kirchhoff’s rules to determine the potential 
difference between the points A and D when no 
current flows in the arm BE of the electric 
network shown in the figure. (All India) 

3Q E 


D 
F 
1V R, 
R 
20 
7 
A ev B w © 


Let us consider the loop ABED. 
Using Kirchhoff’s second law, we have 
Vip = (6V + 3V) + IR, 
=9V+0=9V ...[I is zero in BE arm] 
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65. 


Ans. 


66. 


Ans. 
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Calculate the 20 
current drawn from 
the battery by the 
network of resi- 
stors shown in the 2Q 

figure. 

(Comptt. All India) a 

Given : Circuit diagram can be rearranged as 
shown below : 

It forms a wheatstone’s bridge 

P R I 2 1 

os 72°4°2 B 
It is the condition of 
null point when no 
current flows through 
BD arm, i.e. 5 Q. 
Resistances P = (1 Q) 
and R = (2 Q) are in 
series; 

R =1+2=3Q aN 
Similarly, Resistances Q = (2 Q) and S = (4 Q) are 
in series, 

R,=2+4=6Q 
Now, R, and R, are in parallel, 

i) 1 1 1 1 1 





V 4 
E= R 2 =Z 2A 


Current in the circuit is 2A. 
Using the concept of drift velocity of charge 
carriers in a conductor, deduce the relationship 
between current density and resistivity of the 


conductor. (Comptt. Delhi) 
The drift velocity is given by, 
v= Ea i) 


where | e = charge of electron 

E = Intensity of electric field 

m = mass of electron 

t = relaxation time 
The current is given by, 

I = ne A vj sli) 

Putting value of v, from equation (i) to equation 
(ii) we get, 





2 
I=neA eE be a 
m m 
. I ne*A 
Current density, J = 4 = A TE 





2 
r) E 


ne 
= (% 


ne2t 


where p is the resistivity of conductor. 
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Shiv Das Chapterwise Question Bank (Physics XII) 


67. Two cells of emfs 1.5 V and 2.0 V having 


Ans. 


68. 


Ans. 


69. 


Q 


internal resistance 0.2 Q and 0.3 Q respectively 
are connected in parallel. Calculate the emf and 
internal resistance of the equivalent cell.(Delhi) 
Given : E, = 1.5 V, E, = 2.0 V, 
r, =02Q, rr =0.3 Q 
E = ?, r = ? (when two cells are connected in 
parallel) 
Ẹ =- En + Eon 
t+ 
Lok 342% 02 
0.2 + 0.3 
= 0.45 x 0.40 V=L7V 
0.5 
aly 
ttt 
0.2x0.3 . 0.06 
60.2403 05 
= 0.12 Q 
A battery of emf 12V and internal resistance 2 Q 
is connected to a 4 Q resistor as shown in the 
figure. 
(a) Show that a voltmeter when placed across 
the cell and across the resistor, in turn, gives 
the same reading. 








V 
To record the voltage 2 
and the current in the 
circuit, why is 
voltmeter placed in 
parallel and ammeter 
in series in the 
O 
A 


(b 


Vw 


circuit? (All India) 

Given: E=12V, r=2 Q, R=4Q, 
Vo=? Vp =? 

(a) R,=r+R=2+4=6Q9 

E 122234 


R, 6Q 
Vp =IR=2x4=8V seat) 
Vo=E-Ir=12-(2x2)=12-4=8V...() 
We find from the equations (i) and (iz), the 
voltmeter gives the same reading, i.e. 8 V. 
An ammeter is connected in series because 
same current is flowing in the circuit, while 
voltmeter is connected in parallel to measure 
potential difference across two points in the 
circuit. 


(b 


h aa 


The figure shows a plot of terminal voltage “V’ 
versus the current ‘i’ of a given cell. Calculate 
from the graph (a) emf of the cell and 
(b) internal resistance of the cell. 

(Comptt. Outside Delhi) 
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70. 


Ans. 


0 1.0 A 20A 
From the graph : 
(a) E = V = 6V for when I = 0 


(no current is drawn) 


(b) E=V+ir 
[: From the graph for I = 1 A, V = 4V] 
6=4+ 1(r) 
or r=2Q 


A cell of emf 4 V and internal resistance 1 Q is 
connected to a d.c. source of 10 V through a 
resistor of 5 Q. Calculate the terminal voltage 
across the cell during charging. 

(Comptt. Outside Delhi) 
E, — E, = I(R +7) 
10-4 = I(5 + 1) 
6=I1x6 
lz (cA 


5Q 





Terminal voltage across the cell 
= (E, + Ir) = [(4) + (1 x 1)] = (4 + 1) = 5V 


Short Answer Type Questions-Il (SA-II) 


71. 


Ans. 


(3 Marks) 


Prove that the current density of a metallic 
conductor is directly proportional to the drift 
speed of electrons. (Delhi) 
Or 
Derive an expression for the current density of a 
conductor in terms of the drift speed of 
electrons. (All India) 
Suppose a potential difference V is applied across 
a conductor of length / and of uniform cross- 
section A. The electric field E set up inside the 
conductor is given by 


Poea 


Under the influence of field E, the free electrons 


— 
begin to drift in the opposite direction E with an 
average drift velocity v4. 
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Let the number of electrons per unit volume or 
electron density = n 
Charge on an electron = e 


Area=A E free electrons 


electronic 
current 


conventional 
current 





No. of electrons in length l of the conductor 

= n X volume of the conductor = n x Al 
Total charge contained in length / of the 
conductor is 

q = enAl s (1) 
All the electrons which enter the conductor at the 
right end will pass through the conductor at the 
left end in time, 


_ distance l 


= ... (ii) 


velocity — Dg 


Using equations (i) and (i), we get 








Ine A 
Current I = 1=-*“ = neAv, 
t 1 / vg 
Current density ‘J’ is given by 
I neAv, 
= —= = nev Jev 
aa ar d J = va 


Hence the current density of a metallic conductor 
is directly proportional to the drift speed of 
electrons. 

72. A number of identical cells n, each of emf e, 

internal resistance r connected in series are 

charged by a d.c. source of emf €,, using a 

resistor R. 

(i) Draw the circuit arrangement. 

(ii) Deduce the expressions for (a) the charging 
current and (b) the potential difference 
across the combination of the cells. (Delhi) 

(i) The circuit arrangement for charging n cells 
is shown below : 


Ans. 


<— ncells —-» 





(ii) (a) Net emf = g€’ — ne 
Total resistance = R + nr 
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F Net emf 
Charging current, I = ——————— 
Total resistance 
_£=—ne 
R+nr 
(b) P.D. across each cell 
=€ +r 
€” — ne 
= oe 1 
R+nr 
_ E€ER+enr+er-enr _ ER+ET 
R+nr R+nr 


P.D. across the series combination of 
n cells, V = n (e + Ir) 

73. A potentiometer wire of length 1 m is connected 
to a driver cell of emf 3 V as shown in the figure. 
When a cell of 1.5 V emf is used in the 
secondary circuit, the balance point is found to 
be 60 cm. On replacing this cell and using a cell 
of unknown emf, the balance point shifts to 
80 cm. 3V 


1.5 V 
—R| 


(i) Calculate unknown emf of the cell. 

(ii) Explain with reason, whether the circuit 
works, if the driver cell is replaced with a 
cell of emf 1 V. 

(iii) Does the high resistance R, used in the 
secondary circuit affect the balance point? 
Justify your answer. (Delhi) 


ly 80 


Ans. i 2 sm etna: 


e f° | 
(ii) The circuit will not work. If emf of auxiliary 
battery is greater than the emf of the driver 
cell of the potentiometer, there will be no 
balance point on the wire AB. The maximum 
potential drop across the wire will be of 1 V 
and will not be able to balance 1.5 V emf. 
(iii) No, the balance point is not affected by the 
high resistance R because no current flows 
through the cell at the balance point. 
74. Define resistivity of a conductor. Plot a graph 
showing the variation of resistivity with 
temperature for a metallic conductor. How does 
one explain such a behaviour, using the 
mathematical expression of the resistivity of a 
material. (Delhi) 
(1) Resistivity of conductor : It is the resistance 
of a conductor of unit length and unit area of 
cross-section. 


Ans. 
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79: 


Ans. 


Shiv Das Chapterwise Question Bank (Physics XII) 


The S.I. unit of resistivity is Q m (ohm-metre) 


p=R Â 


(ii) Variation of resistivity with temperature : 
The resistivity of a material is given by 





p = m 
ne2t 
T 
z 
G 04 
= 
p 
> 
= 0.2 
D 
v) 
© 
or 
50 100 150 
Temp T(K) > 


On increasing temperature, average speed of 
drifting electrons increases. As a result 
collisions are more frequent. Average relaxation 
time ‘t’ decreases, hence ‘p’ increases. 


-~ 
=. 
Vw 


Calculate the equivalent 
resistance of the given 
electrical network between 
points A and B. 





D 


(ii) Also calculate the current through CD and 
ACB, if a 10 V d.c. source is connected 
between A and B, and the value of R is 
assumed as 2 Q. (All India) 


—=— 
m. 
Nar 


Equivalent circuit of 
the given problem is 
shown in the given 
diagram. The 
simplified circuit is 
equivalent to a D 
balanced wheatstone 

bridge. 

Hence there will be no current in arm CD, 








Top = 0. 
Vo=Vp 


2R 
Rap = > = RO 


(ii) Being a balanced wheatstone bridge 
R CR 


Ip = 0 

V = 10 volt 
R = 20 

Vag = 10 volt 
Racp = 42 


10 
Licp = 4 = 2.5A 
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Ans. 


Vd 


Ans. 


The figure shows experimental set up of a meter 
bridge. When the two unknown resistances X 
and Y are inserted, the null point D is obtained 
40 cm from the end A. When a resistance of 10 Q 
is connected in series with X, the null point 
shifts by 10 cm. 





Find the position of the null point when the 10 
Q resistance is instead connected in series with 





resistance ‘Y’. Determine the values of the 
resistances X and Y. (Delhi) 
Wits on oS eS ee 
Y 60 6 
With (X + 10) and Y, 
aa A sX iay 
Y 5 


Using these two equations, we get — +10=Y 














1.€., (1-2 )}y = 10 or Y = me = 30Q 
X=xY=2x30=20Q 
6 6 
SR l . X l 
If 10 Q is in series with Y, then = 
Y+10 £100-/ 
20 l 
cana [-- Y + 10 = 30 + 10 = 40 
40 100-1 
= 2000 — 20/1 = 40! => 60! = 2000 
Fe a = 33.3 cm. 


(i) State the principle of working of a meter 
bridge. 

(ii) In a meter bridge 
balance point is 
found at a distance 
l, with resistances 
R and S as shown 
in the figure. 
When an unknown 
connected in parallel with the resistance S, 
the balance point shifts to a distance l. 
Find the expression for X in terms of l, l, 
and S. (All India) 

(1) Meter bridge Meter bridge is an 
arrangement of four resistances used for 
measuring one unknown resistance in terms 
of other three known resistances. 
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resistance X is 


78. Write 





At the balance condition, no current flows 
through the galvanometer arm. By using the 
balance condition of meter bridge, the value 
of unknown resistance can be determined, 
knowing the other three resistances. 
(1) With R and S alone, we have 
z EOE SERENE 
(100 — 1, ) 

With S and X in parallel and R on the left gap 


R l 


í SX | (100 — 1, ) 
S+xX 


R(S+X) JL 
SX 100-3% 
Dividing (ti) by (i), we have 
R(S+X) S__ bh 100-4 
SX `R 100-1, h 
S+X  14,(100-4) 
> X  L@0-L) 
_ h(100-4) 
~ 1,(100—1,) 
_ 1,(100 -1,) 
~ 7,(100—1,) 
_ 1,(100—1,) 
~ 1,(100-1,) 
— 1001, — hl, — 1001, + 4b 
B L (100 — 1,) 
_ 1001, — 1) 
~ 1,(100 -1,) 
1001,S —1,1,S 
100 (l, —1,) 


> R (100 - 4) = S4 








(ii) 








-- 
| >< 


-- 
= 


_ 1,100 — 15) 
100(I5 — l) 


xja xn xja XN XH 


>< 


the principle of working of a 


potentiometer. Describe briefly, with the help of 
a circuit diagram, how a potentiometer is used to 
determine the internal resistance of a given cell. 

(Delhi) 
Ans. Potentiometer : A potentiometer is a device used 
to measure potential difference. 


Q 
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Principle The basic A B 
principle of a 
potentiometer is that 
when a constant current 7 
flows through a wire of 
uniform cross-sectional area and composition, the 
potential drop across any length of the wire is 
directly proportional to that length. 
Væl V=KI 

...where [K is called potential gradient 
Close the key K,. A 
constant current flows 


Rh 


through the 
potentiometer wire. 
With key K, kept 


open, move the jockey 
along AB till it 
balances the emf e of 
the cell. Let 1, be the 
balancing length of the wire. If K is the potential 
gradient, then emf of the cell will be 

e = K} ee), 
With the help of resistance box R.B, introduce a 
resistance R and close key K,. Find the balance 
point for the terminal potential difference V of the 
cell. If J, is the balancing length, then 

V= KI, 





wold) 

Dividing (ti) by (i), we have S = A = E 

Let r be the internal resistance of the cell 
e = I (R + rjand V = IR 





èe _R+r_h 

VY R b 

R fA s fg as Ah. 

R R L R b 
=> # A 

R I l> 


Internal resistance, r = R ja 
2 


129 


In a meter bridge, 
the null point is 
found at a distance 
of 40 cm from A. If 
a resistance of 12 Q 
is connected in 
parallel with S, the | () 

null point occurs at 50.0 cm from A. Determine 




















the values of R and S. (Delhi) 
Since the wire is of 
uniform cross-section, 12 Q 


the resistances of the 
two segments of the 
wire AD and DB are 
in the ratio of the 
lengths of AD and 
DB. 
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Using the null point condition of wheatstone bridge, 














We have R _ tf — — 40 
S 100-7 100-40 
E E Ai) 
S 60 3 3 
When S is shunted by a resistance of 12.0 Q in 
parallel 
' 125 "7 
Its net resistance changes to S, = el) 
1 $412 
With the new balance condition, we get 
R l 50 R 50 e 
= —__ = —__ > = — = 1...(ii1) 
Są 100-1 100-50 ” Są 50 
R=, 
Using the value of Seq in (ii), we get 
ce. iv) 
St 12 


Using the value of R from equation (i) in equation 
(iv), we have 
2 129 


= = 12+85=6x3 =18 
3 124+5 
=> S§=18-12=6Q and 





Rea 2 6s 2 xp =4G 
3 3 


80. In a meter bridge, 
the null point is 
found at a distance 
of 60.0 cm from A. 
If now a resistance 
of 5 Q is connected 
in series with S, the 
null point occurs at 
50 cm. 

Determine the values of R and S. 








(Delhi) 
Ans. Using the null point condition of wheatstone bridge, 





we have 
R I __ 6 _ 0 3 
S 100-/ 100-60 40 2 
R= 7 S i) 
a nce 
[rR] ais] 





A LG) B 
A —— rH 
i—_() 


When 5 Q resistance is connected in series with S, 
its net resistance changes to 








Dy T IED .. (íi) 
With the new balance condition, we get 
R 50 50 


— =——— = =1 > R25, 
S,, 100-50 50 7 
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Using the value of Są in equation (11), we get 
=S=5+8 = Z s=5 . S$=10Q 
Now putting the value of S in equation (i), we get 
R= = x10=150 
2 X 
81. In a meter bridge, 


the null point is | R | | S 
found at a distance | — Q " j 
of l, cm from A. If A - + —___. 5 
now a resistance of ih R TTAR | 
X is connected in ——I 
parallel with S, the null point occurs at l, cm. 
Obtain a formula for X in terms of l, L 
and S. (Delhi) 
Ans. Refer to Q. 77 (ii), Page 58 
82. Write any two factors on 
which internal resistance 
of a cell depends. The 
reading on a high 
resistance voltmeter, 
when a cell is connected 
across it, is 2.2 V. When 
the terminals of the cell 
are also connected to a resistance of 5 Q as 
shown in the circuit, the voltmeter reading 
drops to 1.8 V. Find the internal resistance of the 
cell. (All India) 
(a) Internal resistance of a cell depends upon : 
(i) nature of electrolyte of the cell 
(ii) separation between the electrodes. 
(b) Given: emf of cell, e =2.2V,R=50,V=18V 


na 


= f= (22 -1] x 5 = (22-18) x5 

















w 


R=5Q K 


Ans. 


1.8 1.8 
re l abe nna 
1.8 1.8 


83. Write any two factors on 











which internal resistance of = © = 

a cell depends. The reading 

on a high resistance 

voltmeter, when a cell is ine 
connected across it, is 2.0 V. () 
When the terminals of the R=3Q K 


cell are also connected to a resistance of 3 Q as 

shown in the circuit, the voltmeter reading 

drops to 1.5 V. Find the internal resistance of the 

cell. (All India) 
Ans. Factors affecting internal resistance of a cell : 

Refer to Q. 82 (a), Page 60 

Let r be the internal resistance of the cell 


-R =) Spa 2) 
V 1.5 


ea ee arsi 


Es 
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84. 


Ans. 


85. State 


Ans. 








State Kirchhoff’s rules. 1, E,=2V 1% =42 
Use these rules to write > | mA 
the expressions for the 

LI d L i L E=1V tp =3Q 
current 1, I, and |, in = | Oa 
the circuit diagram 
shown. (All India) |1, EĻ=4V rn=2Q Y 








rule 


(a) (i) Kirchhoffs junction At any 
junction, the sum of the currents entering 
the junction is equal to the sum of 
currents leaving the junction. 

(ii) Kirchhoff’s loop rule : The algebraic sum 
of changes in potential in any closed loop 
involving resistors and cells is zero. 

(b) According to Kirchhoff’s junction rule, 

I, =1, +1, swal) 

Considering loop FCDEF 
31, - 41, = 1 

Considering loop FCBAF 
31, + 21, = 3 
31, + 2( + 1,) = 3 
5L + 21, = 3 


...(i1) 
... (111) 
...(10) 


L &=2V r,=40 





Kirchhoff’s rules. 
Apply Kirchhoff’s rules to 
the loops ACBPA and 
ACBOQA to write the 
expressions for the 
currents L, I, and I, in the 
network. (All India) 


Kirchhoff's rules : Refer to Q. 84 (a), Page 61 


Numerical : Applying Kirchhoffs rule in loop 
ACBPA, we have 
121, + 0.5 1, = 6 exe) 


In loop ACBQA, by Kirchhoff’s rule, we have 
12I, + 11, = 10 sali) 
Subtracting (i) from (ii), we have 


+051 =4 ...(i11) 
As1l,=1,+1] ...(iV) 
Solving equations (iii) and (iv), we get 
L -l +0.54 =4 orl,-051=4 sel0) 


Q 
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Ans. 


87. 


Ans. 
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By adding (i) and - we get 






12], + 0.51, = 
i =), SI, = : 
131, =10 a h= = 
Similarly I, and I, can be calculated. 
State Kirchhoff’s 200 Q 
rules. Apply these S i 
rules to the loops 5y + 


PRSP and PROP to 
write the expressions 
for the currents L,, I, 
and I, in the given P 
circuit. (All India) 
Kirchhoff's rules : Refer to Q. 84 (a), Page 61 
Applying Kirchhoff’s rule in the loop PRSP, we 
have 

201, + 200 L =5 seall) 
Aos Kirchhoff s rule in the loop PORP, we 
have 






20 Q 


(milliammetre 
< ji 
L 4V 


L y L 





~ 








601, + 201, = 4 att) 
Alsol, = I, + I, ...(ii1) 
Subtracting (ii) from (i), 

2001, - 601, = 1 ...(1v) 


= 2001, - 60 (I, -I,) =1 
= 200I, - 601, + 601, = 1 
Multiplying (7) by 3, we get 


[From (iii) 
= 2601, - 601, =1...(v) 
6001,+ 601, =15...(i) 


By adding (v) and (1), we get = 16 


16 
I, = —— = 0.0186 amp. 
2 860 P 


8601, 


Similarly I, and I, can be calculated. 


Define the terms (i) drift velocity, (ii) relaxation 

time. 

A conductor of length L is connected to a dc 

source of emf e. If this conductor is replaced by 

another conductor of same material and same 

area of cross-section but of length 3L, how will 

the drift velocity change? (Delhi) 

(i) Drift velocity : It may be defined as the 

average velocity gained by the free electrons 
of a conductor in the opposite direction of 
the externally applied field. 

(ii) Relaxation time : The average time that 
elapses between two successive collisions of 
an electron is called relaxation time. 


y’ eV 1 eV 


15 mT Na g 
When length is tripled (3L), drift velocity 
becomes one-third of the original. 


For details : Refer to Q. 109, Page 67 
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Ans. 


89. 


Ans. 
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In the circuit shown, 
R, =40,R, =R, = 15 
Q, R, = 30 Q and E = 
10 V. Calculate the 
equivalent resistance 
of the circuit and the 
current in each 
resistor. (Delhi) 
As clear from the given figure 
R, and R, are in parallel combination, hence their 
resultant will be 

1 1 F 1 1 1 


2+1. 3 1 





Ry R, R} 15 30 30 30 10 


Now R,, and R, are again in parallel combination 
1 1 1 i! 1 
+ + 





R234 Ra R, 10 15 


5+0 _ 2 _1 n Ra = 6 Q 
150 150 6 
Finally R34 and R, are in series combination 





fe oo Sa 
R 10 


Potential at R,, V4 = LR}; = 1 x 4 = 4 volt 
Potential at R,, R} and Ry, V5.4, = 1 x 6 = 6 volt 


6.2 6 2 ARA en 
= —=alA h a —=2 P -V Se Se 
2 15 5 3 JS 5 NME 
In the circuit 


shown, R = 4 Q, 
R = R, = 5 Q, 
R, = 10 Q and 
E = 6V. Work out 
the equivalent re- 
sistance of the 
circuit and the current in each resistor. (Delhi) 
R, and R, are in parallel combination 





i, ft. 


Ra R, Ry 5 10 10 
10 
Ry = > =330 


R34 and R, are in parallel combination 





1 1 1 oo Aen, OS oand 
Roza Rzxąa R 10 5 10 10 2 
Ray = 2 Q 


R53, and R, are in series combination 
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Ans. 


91. 


Ans. 


E 6 
I= >=% =1A 


Potential at R,, V4 = R} = 1 x 4 = 4 volts 
Potential at R,, Rẹ} Ry, Vox, = 1 X 2 = 2 volt 


5 


Le- 
4 10 5 


In the figure a long uniform potentiometer wire 
AB is having a constant potential gradient along 
its length. The null points for the two primary 
cells of emfs €, and £, connected in the manner 
shown are obtained at a distance of 120 cm and 
300 cm from the end A. 





er $a 
Find (i)e,/e, and (ii) position of null point for 
the cell £. 
How is the sensitivity of a potentiometer 
increased? (Delhi) 
In 1% case, €, — €, = k x 1.20 <p) 
In second case, €, + £, = k x 3.00 .. (1i) 
e+e, -*kx300 
€ — £> -K xAD 6 

6€, + 6e, = 15g; — 15eg, = 0 
> 15g - 6€, = 15e, + 6e, > Ye, = 21e, 

2l 7 


s j 
1) — = — 
0) E5 9 3 





Dividing (ti) by (i), we have 


(ii) e,+e,=300k = & + =e, = 300 k 


= €, = 300 x — = 210 k 
Balancing length for cell €, = 210 cm 

The sensitivity of a potentiometer can be 
increased by reducing the potential gradient. 
Using Kirchoff’s rules 
determine the value of 
unknown resistance R in 19 
the circuit so that no 
current flowsthrough4Q |I 
resistance. Also find the 
potential difference 
between A and D. (Delhi) 
Applying Kirchhoff’s Voltage rule for loop ABEFA 

-9+6+4x0+4+21=0 


F IQ E D 


40 R 


=> 21-3=0 


For loop BCDEB 
34+IR+4x0-6=0.. IR=3 


ee ŽA =15A ...() 
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Ans. 


93. 


Ans. 


Putting the value of current I from (i), we have 
=xR=3 (ii) 
Potential difference between A and D through 


path ABCD 
+9V —3V -IR = Vip 


3 
[Alternatively through path AFD] 


Rass = = 90... 
3 


Vip = 3V 
Calculate the value of the resistance R in the 
circuit shown in the figure so that the current in 
the circuit is 0.2 A. What would be the potential 
difference between points B and E? (All India) 





8V 02AB 5 C 
15Q 
: ac 10. 
3V4 
R 0.2A E D 


5 Q and 10 Q are in series, 
R = 502+ 10 Q = 15 © 
15 Q i.e. Rg and 10 Q are in parallel 








Ry’ = 15 x 10 CO 

25 
Rp and 30 Q are also in parallel 
Rra 6x30 _ 50 

36 


But R”, R and 15 Q are in series 
Rp = Rp’ +R+15Q9=5Q9+R+15Q 
Rý = 20Q+R Current = 0.2 A 
€ 


—___ ~ = total current 
Total resistance 
T SMA 


20+R 


Potential difference between points B and E 

= I x Rgg = 0.2 x 5 = 1.0 V 
Calculate the value of the resistance R in the 
circuit shown in the figure so that the current is 
0.2 A. What would be the potential difference 
between points A and B? (All India) 





6V 02A B 5Q 
G 
10 Q 
15 Q 5Q 
2V70.2A 
D 
R A 
5 Q and 5 Q are in series . Ro = 10 © 


R, and 30 Q are in parallel 


30x18 _ 30 
R, = ~~ =~ Q 
i Ad 4 
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Rp and 15 Q are in parallel 





30 
a Oe BO 
oe -80x15 _ xB” _ 

30 45 (30+ 60) oy 


Total resistance = 5 + 10 + R 
ERES ae E 
0.2 0.2 


= Sais eR oor = d-se 


2 

R=5Q " Vag =IxR=0.2 x (5) =1V 
Define relaxation time of the free electrons 
drifting in a conductor. How is it related to the 
drift velocity of free electrons? Use this relation 
to deduce the expression for the electrical 
resistivity of the material. (All India) 
Relaxation time : The average time that elapses 
between two successive collisions of an electron is 
called relaxation time. 


— 


— 
Vj = aT=-e—T 


m 
where LV, is called drift velocity of electrons.] 
Suppose a potential difference V is applied across 
a conductor of length T and of uniform cross- 
section A, then 
Electric field E set up inside the conductor is 
given by 


pe 


—_> 
Under the influence of field E, the free electrons 
— 
begin to drift in the opposite direction E with an 
average drift velocity v}. 


Area = A 





I Conventional 


Electronic 


current current 


Battery 

Let the number of electrons per unit volume or 
electron density = n 

Charge on an electron = e 

Number of electrons in length / of the 
conductor = n x volume of the conductor = nAl 
Total charge contained in length / of the 
conductor, g = enAl 
According to the electrons which enter the 
conductor at the right end will pass through the 
conductor at the left end in time, 

_ distance / 


velocity E va 





Current, I = T Al = enAV, 
t I/v, 
eET eVt 
[2 enAV, 1 = — = — 
m ml 
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Ans. 


96. 


Q 


Shiv Das Chapterwise Question Bank (Physics XII) 
I = enAv, = enA. ak 
ml 
Vv ml => ml 
I ne*tA ne*tA 
where [R is electrical resistivity] 
A’ Lo ne*tAl net 
Write the principle 
on which the 


working of a meter 
bridge is based. In 
an experiment on 
meter bridge, a 
student obtains the 
balance point at the 
point J such that AJ 
= 40 cm as shown in the figure. The values of ‘R’ 
and ‘X’ are both doubled and then interchanged. 
Find the new position of the balance point. If 
the galvanometer and battery are also 
interchanged, how will the position of balance 
point be affected? (Comptt. All India) 


The principle on which the working of a meter 
bridge is based, is Wheatstone bridge. 


P R 


1.€., Q = g 


...wherel P, Q, R and S are the four resistors in the 
four arms of the Wheatstone bridge. 





R 40 2 

X 60 3 

When R and X are doubled and interchanged 
Let the new balancing length be / 


Given: 


2x l X _ Í 
2R (100-) ~ R (100-1 
3 ] 


=> OF 2) = 00 <. l = 60 cm 

If the galvanometer and battery are also inter- 
changed then there will be no effect on the posi- 
tion of the balance point. 

Write the principle 
on which the 
working of a meter 
bridge is based. In 
an experiment on 
meter bridge, a 
student obtains the 
balance point at the 
point J such that AJ = 60 cm as shown in the 
figure. The values of ‘R’ and ‘X’ are both 
doubled and then interchanged. Find the new 
position of the balance point. If the 
galvanometer and battery are also interchanged, 
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Ans. 


how will the position of balance point be 
affected? (Comptt. All India) 
The principle on which the working of a meter 
bridge is based, is Wheatstone bridge. 
, P R 
lly Q a 

...where| P, Q, R and S are the four resistors in the 

four arms of the Wheatstone bridge. 


. R 60 3 
Given : x no? 


40 2 
When R and X are doubled and interchanged, 
Let / be the new balancing length, then 


2X xX | 
2R (00-) ~ R (00-/) 
2 l 

3 100-1 


= 31 = 200 - 2! = 5l = 200.. I = 40 cm 

If the galvanometer and battery are interchanged, 
then there will be no effect on the position of 
balancing point. 


Define the current sensitivity of a 
galvanometer. Write its S.I. unit. 


Ce) 
SS 


1.20 Q 





Figure shows two circuits each 
galvanometer and a battery of 3 V. 
When the galvanometers in each arrangment do 


having a 


not show any deflection, obtain the ratio R//R.. 


(All India) 
Current sensitivity of a galvanometer : Current 
sensitivity of a moving coil galvanometer is 
defined as deflection produced in the 
galvanometer per unit current passed through it. 
Its SI unit is rad At 
(1) For circuit on the left side— 
If G has zero deflection, then 
dng 
R, 9 ai 
(ii) For circuit on the right side— 
If galvanometer and battery are inter-changed, 
there is no change in the circuit as such. 


R, _ 8 


6 12 12 


>. R_6_3 
Ratio = i, 4 27 =3:2 








O 
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Ans. 


State the underlying P R 
principle of a pe 
potentiometer. Write 


two factors on which ^ 
the sensitivity of a Q 
potentiometer depends. FS 
In the potentiometer circuit shown in the figure, 
the balance point is at X. State, giving reason, 
how the balance point is shifted when 
(i) resistance R is increased? 

(ii) resistance S is increased, keeping R 
(Comptt. Delhi) 
Potentiometer : A potentiometer is a device used 


to measure potential difference. 
A B 


ans 


cm 
+i — 





x B 
S 


constant? 


Principle. When a current flows through a wire of 
uniform thickness, the potential difference be- 
tween its two points is directly proportional to the 
length of the wire between these two points. 
Væl >V=KI 
.. when [K is called construction potential gradient] 
Two factors : (a) Potential gradient (b) Length of 
potentiometer wire. 
(i) When R is increased, the balance point will 
shift towards B. 
(ii) If resistance S increased keeping ‘R’ constant, 
the balance points will not change. 


A potentiometer wire of length 1 m has a 
resistance of 10 Q. It is connected to a 6 V 
battery in series with a resistance of 5 Q. 
Determine the emf of the primary cell which 
gives a balance point at 40 cm. (Delhi) 
Length (J) = 1 m 

Resistance of potentiometer wire = 10Q 


i ] : V 
Current (I) in potentiometer wire = Rak’ 


0.4 m——s <-(1-0.4)=0.6m—s 





e 

IRp _ 0.4x10 
L o 1 

e = kl = 4 x 0.4 = 1.6 V 


Potential gradient (k) = = 4 Vm! 
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Ans. 


102. 


Ans. 


103. 


Ans. 
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A potentiometer wire of length 1.0 m has a 
resistance of 15 Q. It is connected to a 5 V 
battery in series with a resistance of 5 Q. 

Determine the emf of the primary cell which 

gives a balance point at 60 cm. (Delhi) 

Similar to Q. 99, Page 65 

[Hint |: 2.25 V 

A potentiometer wire of length 1 m has a 

resistance of 5 Q. It is connected to a 8 V battery 

in series with a resistance of 15 Q. Determine 

the emf of the primary cell which gives a 

balance point at 60 cm. (Delhi) 
Similar to Q. 99, Page 65 

Hint |: 1.2 V 

Answer the following : 

(a) Why are the connections between the 
resistors in a meter bridge made of thick 
copper strips? 

(b) Why is it generally preferred to obtain the 
balance point in the middle of the meter 
bridge wire? 

(c) Which material is used for the meter bridge 
wire and why? (All India) 

(a) The connections between the resistors in a 
meter bridge are made of thick copper strip, 
so as to have the minimum possible 
resistances. 

(b) It is generally preferred to obtain the balance 
point in the middle of the meter bridge, so as 
to minimise the error of balance. 

(c) The material used for meter bridge is an alloy 
‘constantant’ or ‘manganin’ because of (i) 
hight resistivity and (íi) low temperature 
coefficient of resistivity. 

A resistance of R Q 
— oV 
draws current from a 
potentiometer as , Ro 5 
has a total resistance R 
R Q. A voltage V is 
supplied to the potentiometer. Derive an 


shown in the figure. 
The potentiometer 
expression for the voltage across R when the 








sliding contact is in the middle of the 
potentiometer. (All India) 
Since null point is in 7 
the middle of 
potentiometer, 
E Ro &Rop> c 
PRELE Pa À P TUS 
Now the resistance 
PQ(R,/2) and R are 
in parallel R 
Their net resistance (R4) will be 
1L 1,1 or g= Ro 
R, Ro/2 R (2R + Ro) 
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Now R, and QS(R)/2) are in series, the net 
resistance (R,) is 





___RRo „Ro _ 2RRo+Ro(2R+Ro) 
* QR+R,) 2 2(2R + Ro) 
_ ARRo+Ro _ Ro(4R+Ro) 
2(2R + Ro) 2(2R + Ro) 
Current (I) = Vo OV o VX22R+Ro) 
Ry Ro(4R+Ro) Ro(4R + Ro) 
2(2R + Ro) 
Voltage across R = VLA Ra Roly N 
Ro(4R+Ro) (2R+KRo) 
v, = ÆR 
(4R +Ro) 
104. In the electric L E =12V n=2 
network shown in 
the figure, use 


Kirchhoff's rules to 
calculate the power 
consumed by the 
resistance R = 4 Q. 

(Comptt. Delhi) 
For loop ABCDA 

-12 + 21, +44 + 1) =0 

-12 + 21, + 41, + 41, = 0 

6l, + 41, = 12 = 31, + 21, = 6 sas) 
For loop ADFEA 

-4l + L) +6=0 





Ans. 


-4L - 4, =-6 3 21+ 21, =3 ...(i1) 
Solving (i) and (ii), we get 
L=3A and J, = -154 


Power consumed in 4Q resistance (R) = PR 
= (1, + 1L) xR 
= (3 - 1.5) x 4 W = 9 watt 


105. In the electric I, E =12V 7,=40 
network shown in 
the figure use 


Kirchhoff's rules to 
calculate the power 
consumed by the 
resistance R = 8 Q. 
(Comptt. Delhi) 
In loop BCDA, 
Lx4+(1, +1) x 8=12 
41 + 81, + 8L, = 12 
121, + 81, = 12 
oh + 24.=3 
In loop ADFE, 
(I,+1)x8=8 => 81, + 8L=8 
L+L=1 ...(Dividing by 8) 
Solving equations (i) and (ii), we get 
L=1A and I, = 0A 
Power consumed in 8Q resistance (R) = PR 
= (I, +L)*xR 
= (1 + 0)? x 8 = 8 watt 
(a) State the underlying principle of a 
potentiometer. Why is it necessary to (i) use 
a long wire, (ii) have uniform area of cross- 





Ans. 


...(Dividing by 4) sole) 


...(ii) 


106. 
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Q 





section of the wire and (iii) use a driving 
cell whose emf is taken to be greater than 
the emfs of the primary cells? 

(b) In a potentiometer experiment, if the area of 
the cross-section of the wire increases 
uniformly from one end to the other, draw a 
graph showing how potential gradient 
would vary as the length of the wire 
increases from one end.(Comptt. All India) 


Ans. (a) Principle of potentiometer: A potentiometer 


is a device used to measure potential 
difference. 





Principle. When a current flows through a 
wire of uniform thickness, the potential 
difference between its two points is directly 
proportional to the length of the wire 
between these two points. 


Væl > V=KI 
.. where [K is called construction potential gradient] 
Reasons : 


(i) We use a long wire to have a lower 
value of potential gradient (i.e. a lower 
‘least count’ or greater sensitivity of the 
potentiometer). 

(íi) The area of cross section has to be 
uniform to get a “uniform wire’ as per 
the principle of the potentiometer to 
ensure a constant value of resistance 
per unit length of the wire. 

(iii) The emf of the driving cell has to be 
greater than the emf of the primary 
cells as otherwise no balance point 
would be obtained. 


(b) Potential gradient K = - 
Therefore the required j 
graph is as shown K 
here. 


L —> 


107. A cell of emf ‘E’ and internal resistance ‘7’ is 


connected across a variable load resistor R. 
Draw the plots of the terminal voltage V versus 
(i) R and (ii) the current I. 

It is found that when R = 4 Q, the current is 1 A 
and when R is increased to 9 Q, the current 
reduces to 0.5 A. Find the values of the emf E 
and internal resistance r. (Delhi) 
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Ans. (a) Graph between (b) Graph between is tripled by stretching it, keeping ‘E’ constant, 
V and I V and R explain how its drift velocity would be affected. 
(All India) 
Ans. (i) Drift velocity. Drift velocity is defined as the 
velocity of the free electrons with which they 
get drifted towards the positive terminal 
under the influence of the external electric 
field. The drift velocity of electron is of the 
order of 10-° m/sec. 
Derivation. Let ‘m’ be the mass of an electron 
and ʻe’ be the charge on it. When an external 
a5 a A ay ...(i) electric field ‘E’ is applied, the acceleration 





O Ti 








E 
CA aA 


di acquired by an electron is given by 
E 7 
Also 0.5 = 95— = E = 4.5 + 0.5r ...(ii) Ee >a= = >a- 
Prom equations Caner) Let v,, U5, Uz; ... U, be final velocities of 


44+7r=454+0.5r . r=1Q 


. . l i , electrons then average velocity of the 
Using this value of r, in equation (i) we get 


electrons is given by 





E = 5V 
108. State the principle of working of a U= Se Ae ...(i) 
galvanometer. 
e ; $ _ a + -Uj + + + +... (Uy + al, 
A galvanometer of resistance G is converted into vg = oe oa Pn = WA tah) Cp + Bla) touy taf) — in ata) 
a voltmeter to measure upto V volts by [e v= u + at] 
connecting a resistance R, in series with the coil. (u, +Uy+...U,) alt, tt +...,) 
If a resistance R, is connected in series with it, s S T a 
then it can measure upto V/2 volts. Find the v,=O+at Sv, =a 
resistance, in terms of R} and R,, required to be i 
connected to convert it into a voltmeter that can "Ug = <1 ...[From(i)] 
read upto 2V. Also find the resistance G of the 
galvanometer in terms of R} and R,. (Delhi) Ta — is the average time 
Ans. (a) Working principle of galvanometer : where | between two successive collisions and 
A current carrying coil experiences a torque called relaxation time. 
when placed in a magnetic field which tends 
to rotate the coil and produces an angular (ii) We know that vp = ES z ) s Up & 1 
defletion. L 
V ; Therefore, when length is tripled, the drift 
(6) V =G +R) (i z 7 EG + R3)...(ii) velocity becomes one-third. 
Dividing (i) by (ii), we have, 110. In the two electric circuits shown in the figure, 
Gan determine the reading of ideal ammeter (A) and 
= 2> G4 R, = G=R, - 2R, the ideal voltmeter (V). (Comptt. Delhi) 


Let R, be the resistance required for 
conversion into voltmeter of range 2V 





2V = I (G + R,) .. (iii) 

Also, V =1 (G+ o (iv) 

Dividing (i) by (iv), we have 
ee e a 

G+R, 
R, = G+ 2R, = (R, - 2R,) + 2R} 
= 3R, - 2R, [From value of G . a 
109. Find the relation between drift velocity and | Ans. (i) In circuit (a) . 
relaxation time of charge carriers in a conductor. Total emf = 15 V, Total Resistance = 2Q 


A conductor of length L is connected to a d.c. 
source of emf ‘F’. If the length of the conductor 


Current, 1 = (FJA = 75A 
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Ans. 


Shiv Das Chapterwise Question Bank (Physics XII) 


Potential difference between the terminals of 
6 V battery 
V=E-iR=[6-(75x1)=-15V 
(ii) In circuit (b) 
Effective emf = (9 — 6)V = 3V, 
Total Resitance = 2Q 


Current, i = (JA =15A 


Potential Difference across 6 V cell, 
V=E-(-DR=V+IR 
(° Current is in opposite direction to 6 V cell) 
=6+15x1=7.5 V 
In the circuit shown 
in the figure, find 
the current through 
each resistor. 
(Comptt. Delhi) 


4V 8V 1.00 





Total emf of the 450 
circuit 

=8V-4V=4V 6.002 
Since two resistors 3Q and 6Q are connected in 
parallel, their combined resistance is 


to 1.4 11 T > 1 


Rm R 386 6 A 
Since all resistors are in series, 
R=054+4542+41 = 80 
Current through circuit, 1 = ~ =- Sea 
urrent through circuit, I = p=, = 0. 


0.5Q A current will flow in 3 resistors, i.e., 0.5Q, 
4.5Q and 1Q. 
Current through resistors 3Q and 6Q 


V=1,x3=1,x6=(1-1)x61,= 5A 
[L = I- IJ] 


1 l 1 
I. = (L=) = (3-3)=34 
(a) Deduce the relation between current I 
flowing through a conductor and drift 


velocity vV of the electrons. 


(b) Figure shows a y4) 
plot of current ‘T’ 
flowing through 
the cross-section 5 
of a wire versus 
the time ‘t. Use 
the plot to find 
the charge flowing in 10s through the wire. 

(Comptt. All India) 

(a) Relation between electric current and drift 
velocity : Consider a uniform metallic wire 
XY of length / and cross-sectional area A. A 


10 


0 5 10 t(s) 
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potential difference V is applied across the 
ends X and Y of the wire. This causes an 
electric field at each point of the wire of 
strength : 





p= L (i) 


Due to this electric field, the electrons gain a 
drift velocity V, opposite to direction of 
electric field. If q be the charge passing 
through the cross-section of wire in t 


seconds, then, current in wire, I = 4 


t 

The distance transversed by each electron in 
time (t) = drift velocity x time = V,t 

If we consider two planes Pand Q at a 
distance V,¢ in a conductor, then the total 
charge flowing in time t will be equal to the 
total charge on the electrons present within 
the cylinder PQ. 

The volume of this cylinder = cross sectional 
area x length = A Vt 

If n is the number of free electrons in the wire 
per unit volume, then the number of free 
electrons in the cylinder = n(AV;t) 

If charge on each electron is —e (e = 1.6 x 107 
13 C), then the total charge flowing through a 
cross-section of the wire, 


q = (nA V,t) (-e) = -neA Vat saat) 
Current flowing in the wire, 
ja 42 —neAV,t 
t t 
i.e. Current I = —neA V} ssd0) 


This is the relation between electric current 
and drift velocity. Negative sign shows that 
the direction of current is opposite to the 
drift velocity. 
(b) Charge = Current x time 
(1) For 0 to 5 seconds, the current 
= 17 = 254 
Hence, q, = (2.5) x (5) = 12.5 C 
(ii) For 5 sec to 10 sec, the current = 5A 
Hence, q, = 5 x (10-5) =5x5=25C 
q = 9, + q, = 12.5 + 25 = 37.5 C 


113. Draw a circuit diagram of a potentiometer. State 


its working principle. Derive the necessary 
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Ans. 


Q 


formula to describe how it is used to compare 
the emfs of the two cells. (Comptt. All India) 
Refer to Q. 126 (a), Page 73 
With the help of the circuit diagram, explain the 
working principle of meter bridge. How is it 
used to determine the unknown resistance of a 
given wire? Write the necessary precautions to 
minimize the error in the result. 

(Comptt. All India) 
Metre Bridge is special case of Wheatstone 
Bridge 
It is a device based on Wheatstone bridge to 
determine the unknown resistance of a wire. 
Principle : Meter bridge is based on the principle 
of wheatstone bridge, i.e. when bridge is balanced 


l R R(100 -1 

“oo-) 75 Or = acon) 

Circuit : To find the unknown resistance S, the 
circuit is completed as shown in figure. The 
unknown resistance wire of resistance S is 
connected across the gap between points C and D 
and a resistance box (R) is connected across the 
gap between the points A and D. A cell, a rheostat 
and a key (K) is connected between the point A 
and C by means of connecting screws. In the 
experiment when the sliding jockey touches the 
wire AC at any point, then the wire is divided 
into two parts. These two parts AB and BC act as 
the resistances P and Q of the Wheatstone bridge. 
In this way the resistances of arms AB, BC, AD 
and DC form the resistances P, Q, R and S of 
Wheatstone bridge. Thus the circuit of meter 
bridge is the same as that of Wheatstone bridge. 


Resistance box Resistance wire 
















ALH 


ANERE Al 
VITITITT RIT TTT TTT A\AAANAAN 


(100 — 1) cn___+ 





Cell Rheostat 

Method : To determine the unknown resistance 
first of all key K is closed and a resistance R is 
taken in the resistance box in such a way that on 
pressing jockey B at end points A and C, the 
deflection in galvanometer is on both the sides. 
Now jockey is slided on wire at such a position 
that on pressing the jockey on the wire at that 
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point, there is no deflection in the galvanometer 
G. In this position the points B and D are at the 
same potential, therefore the bridge is balanced. 
The point B is called the null point. The length of 
both parts AB and BC of the wire are read on the 
scale. The condition of balance of Wheatstone 


bridge is, 
P R 
Q` S 
Unknown resistance, S = tak ssl) 


If r is the resistance per cm length of wire AC and 
| cm is the length of wire AB, then length of wire 
BC will be (100 — 7) cm 
"P = resistance of wire AB = Ir 

Q = resistance of wire BC = (100 - /)r 
Substituting these values in equation (i), we get 


s=- WI srs- R (i 


As the resistance (R) of wire (AB) is known, the 
resistance S may be calculated. 

A number of observations are taken for different 
resistances taken in resistance box and S is 
calculated each time and the mean value of S is 
found. 

Precautions: 

(i) In this experiment the resistance of the 

copper strips and connecting screws have not 
been taken into account. These resistances 
are called end-resistances. Therefore very 
small resistances cannot be found accurately 
by metre bridge. The resistance S should not 
be very small. 
The current should not flow in the metre 
bridge wire for a long time, otherwise the 
wire will become hot and its resistance will 
be changed. 





(ii) 


(i) Derive an expression for drift velocity of 
free electrons. 

(ii) How does drift velocity of electrons in a 
metallic conductor vary with increase in 
temperature? Explain. (All India) 
Expression for drift velocity : When a 
potential difference is applied across a 
conductor, an electric field is produced and 
free electrons are acted upon by an electric 
force (= -Ee). Due to this, electrons 
accelerate and keep colliding with each 
other and acquire a constant (average) 
velocity v; 


F, = -Ee = -(FJe 


E = — 
l 
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=f = 
As a = maaa and also v = u + at 
m m l l 
u = 0, t = Tt (relaxation time) 
valy 
d Im 


(ii) The drift velocity of electrons decreases with 
temperature, because the time of relaxation 
decreases. 

116. The reading of the (ideal) ammeter, in the circuit 
shown here, equals : 

(i) I when key K, is closed but key K, is open. 


(ii) + when both keys K, and K, are closed. 
2 


Find the expression for the resistance of X in 
terms of the resistances of R and S. 
(Comptt. Delhi) 


MV 
R “i 
INAS D $ MN AAG 
A X 





Ans. Finding the expression for the resistance X 
(i) Current I when K, is open and K, is closed 





E ; 
l= oe 
R+xX o 
(ii) Current I when both the keys K, and K, are 
closed 
ro E e] ...(ii) 
R+( SX } R(S + X) + SX 
S+X 


S and X are in parallel. 
Current flowing through X, 

I1 28 =| E(S + X) | S wo 

2 S+xX R(S + X)+ SX] (6 +X) 
Putting the value of I, we get on equating 

E ES 

AR+X) R(S+X)+SX 
= 2(R + X)S = R(S + X) + SX 

2RS + 2XS = RS + RX + SX 








RS = RX - SX 
kso 
R-S 


117. The temperature coefficient of resistivity, for 
two materials A and B, are 0.0031/°C and 0.0068/ 
°C, respectively. 

Two resistors, R, and R,, made from materials A 
and B, respectively, have resistances of 200Q and 
100Q at 0°C. Show on a diagram, the ‘colour 
code’, of a carbon resistor, that would have a 


Q 
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resistance equal to the series combination of R} 
and R,, at a temperature of 100°C. 

(Neglect the ring corresponding to the tolerance 
of the carbon resistor) (Comptt. Delhi) 


Ans Given : œ = 0.0031/°C, a, = 0.0068/°C 
R, = 200 Q, R, = 100 2 
R, = R + QAt) 
orange (3) 


) ))) i) 


ee brown (101) 


For Resistance R, 
R’ = R,(1 + at) 
= 200(1 + 0.0031 x 100) 
= 262 Q seal) 
For Resistance R, 
R,’ = 100(1 + 0.0068 x 100) 
= 168 Q welll) 
Hence, Total Resistance in series combination of 
R, and R, at 100° C : 
Ro = R’ + R= 262 Q + 168 Q 
=430Q =43x10!Q 
118. A student connects a cell, of emf E, and internal 
resistance r, with a cell of emf E} and internal 
resistance r}, such that their combination has a 
net internal resistance less than r}. This 
combination is then connected across a 
resistance R. 
Draw a diagram of the ‘set-up’ and obtain an 
expression for the current flowing through the 
resistance R. (Comptt. Outside Delhi) 
Ans. Since the net internal resistance of two cells is less 
than r}, 
it means that the two cells must have been 
connected in parallel 
The diagram of the setup is as shown 





n 
(4 +n) 


Ù 


Equivalent internal resistance r = 


i 4.4 
Pest — = — + — 
r ni 15 


Equivalent emf e, is given by 
e = a + ca 
m a 
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_..(ii) 


The current flowing through R, is 
I= — „(iii 
RiP (iii) 
Where e and r are given by the equations (i) and 
(i) respectively. 





119. A resistance of R draws current from a 
potentiometer. The potentiometer wire, AB, 
has a total resistance of Rọ, A voltage V is 
supplied to the potentiometer. Derive an 
expression for the voltage across R when the 
sliding contact is in the middle of 
potentiometer wire. (Delhi) 





Ans. Given : Total resistance of potentiometer wire 
AB = Ro 
Voltage applied = V, Given resistance = R 


Resistance between points A and C 








i ; i R. Ro [: Being in parallel 
et = R [ . Given that the balance 
Rac R Ro R + R 

2 2 point is in middle, > 





Effective resistance between points A and B 


Ro 

R — Ro 

gece 2 
2 





R, = Rac + Rog = 


Current drawn from the voltage source, I = La 
2 





p- VL 
Ry r Èo 

2 |, Ro 

Ree” 2 
2 


Let current through R be I, 
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Voltage across R, V, = LR 
IRo R Ro a 
Roy [R =| a(n + ¥o) | E 
2(R>) 2(R+ IR +R, 





2 


2RV 

Ry + 4R 

(a) The potential difference applied across a 
given resistor is altered so that the heat 
produced per second increases by a factor 
of 9. By what factor does the applied 
potential difference change? 

(b) In the figure shown, an ammeter A and a 
resistor of 4Q are connected to the 
terminals of the source. The emf of the 
source is 12 V having an internal 
resistance of 2 Q. Calculate the voltmeter 
and ammeter readings. (Outside Delhi) 


120. 


R=4Q 
Ans. (a) Heat produced in a resistor ‘R’ when 


applied, potential difference V, is : 


2 2 
Vi p= V2 or -y 
R R H, vi 


a 


y2 
=Z or 249 Sa 
Hı Vi Vi 
V, = 3V, 

(b) Given: R=4Q, 
Ved = 
Since external resistance ‘R’ and internal 
resistance ‘r’ of the battery are in series 
Rg =Rt+tr=4+2=6Q 

E _2 


Reg 6 


(ii) We know E= V + Ir 
or V=E-lIr 
= 12-(2x2)=12-4 
= 8V 
(a) Write the principle of working of a metre 
bridge. 
(b) In a metre bridge, the balance point is 
found at a distance J, with resistances R 
and S as shown in the figure. 
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An unknown resistance X is now H Mobilit _ vq Uj 

connected in parallel to the resistance S meen ae V 

and the balance point is found at a ] 

distance l. Obtain a formula for X in So, as potential is doubled, drift velocity 

terms of l, l, and S. (Outside Delhi) also gets doubled, therefore, there will be 
z 5 no change in mobility. 

123. Define the term current sensitivity of a 
galvanotmer. In the circuits shown in the 
figures, the galvanometer shows no deflection 
in each case. Find the ratio of R, and R,. 

N . (Comptt. All India) 


Ans. (a) Refer to Q. 114, Page 69 
(b) From the principle of Meter Bridge, we 

















have R=_4 
S dopey 
When ‘X’ is connected in parallel with ‘S, 
then S’ = > 
KS 
Rf —_ bh Ans. ¢ As per wheatstone bridge, oe 
S’ XS 7 Q S 
Xs For circuit (1), we have 
, : R 
[+ 1, is the new balance point] = = 7 = R = - Q 
On solving, we get, X = one Similarly for circuit (2) 
100 (l, —1,) 6 12 
— =— R, = 4Q 
Se VAL AS R> 8 
GP (100-1) 8 
122. Derive the expression for the current density of . Ri_ 3 _2 
a conductor in terms of the conductivity and Ro 4 3 


applied electric field. Explain, with reason how 


the mobility of electrons in a conductor Long Answer Tyne Questions (LA) 


changes when the potential difference applied (5 Marks) 
is doubled, keeping the temperature of the 
duct tant. C tt. Delhi te e eee a a 
e l onp n 124. (a) Derive the relation between current density 
Ans. (i) Derivation of expression for current pes ; ; paea 
density— J’ and potential difference “V’ across a 


current carrying conductor of length l, area 


Using Ohm's law, of cross-section ‘A’ and the number density 


Vek = Ipi = (=| (i) ‘n’ of free electrons. 
A A o (b) Estimate the average drift speed of conduc- 
Potential difference (V), across the ends of a tion electrons in a copper wire of cross-sec- 
conductor of length ‘I’ where field ʻE’ is tional area 1.0 x 1077 m? carrying a current of 
applied, is given by 1.5 A. [Assume that the number density of 
V=El (iÙ conduction electrons is 9 x 1078 m~] 


, 7 (Comptt. Delhi) 
Pron eguations () an (W), Ans. (a) Refer to Q. 71, Page 56 P 





l 

El = I Pe 1 = = <= 

l 2r (b) Since I neAv; > vj rea 
ae dene I oo B o 
Be Sn = a= oxi 41.610? x 1.010” 

jl | a 1.5 
El = Jol = — ae _ ~28+26 
DS PS gx 


VO =) 23 
18 x 10 1.04 x 10° m/s 
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125. Use 


Kirchhoff’s rules to obtain the balance con- 


dition in a Wheatstone bridge. 





Calculate the value of R in the balance condition 
of the Wheatstone bridge, if the carbon resistor 
connected across the arm CD has the colour se- 
quence red, red and orange, as is shown in the 
figure. 

If now the resistances of the arms BC and CD 
are interchanged, to obtain the balance condi- 
tion, another carbon resistor is connected in 
place of R. What would now be the sequence of 
colour bands of the carbon resistor? 


Ans. (a) 


Q 


(Comptt. Delhi) 

Derivation of balance condition from 
Kirchhoff’s laws : 
Applying Kirchhoff’s second law to the loop 
ABDA, we get 

IP + 1,G —- LR = 0 

...where [G is the resistance of the galvanometer 
Again, applying Kirchhoff’s second law to 
the loop BCDB, we get 

(I, -1,) Q-(, +1) 5-1,G =0 
In the balanced condition of the bridge, I, = 0 
The above equation becomes 

LP-LR=0 3s 1LP=LR saali) 
and LO-15=0 > Q -= LS .. (íi) 
On dividing equation (i) by (i), we get 





Circuit showing Wheatstone bridge 


Thus this equation relating to the four 
resistors is called the balance condition for 
the galvanometer to give zero or null 
deflection. 
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(b) RRO = Red, Red and Orange. 
= 22 x100 Q 


(a 


(b 


(a 


) 


) 


Ne 





|| 
V 


Under balanced condition 
AB _ BC 2R _ 2R 
AD DC R RRO 


ee N OO 


Under balance condition 
2R _ 4R 


R 2R 
BC = 4 x R = 4(22 x 10°) = 88 x 18 Q 
...[As R = 22 x 10° ...proved 
Sequence of colour bands : 
Code — Grey, Grey, Orange 


State the working principle of a 
potentiometer. With the help of the circuit 
diagram, explain how a potentiometer is 
used to compare the emf’s of two primary 
cells. Obtain the required expression used 
for comparing the emfs. 
Write two possible causes for one sided 
deflection in a potentiometer experiment. 
(Delhi) 
Principle : The basic principle of a potentiometer 
is that “when a constant current flows through a 
wire of uniform cross-sectional area and 
composition, the potential drop across any length 
of the wire is directly proportional to that length.” 
væ I, 
Comparison of emf’s of two cells: First of all 
the ends of potentiometer are connected to a 
battery B,, key K and rheostat Ri such that the 
positive terminal of battery B, is connected to 
end A of the wire. This completes the primary 
circuit. 
Now the positive terminals of the cells C, and 
C, whose emfs are to be compared are 
connected to A and the negative terminals to 
the jockey J through a two-way key and a 
galvanometer (fig). This is the secondary circuit. 
Method: 
(1) By closing key K, a potential difference is 
established and rheostat is so adjusted that 
when jockey J is made to touch at ends A 
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and B of wire, the deflection in galvano- 
meter is on both sides. Suppose in this 
position the potential gradient is k. 


B, K 
r| HH 


I, 


(ii) Now plug is inserted between the terminals 
1 and 3 so that cell C, is included in the 
secondary circuit and jockey J is slided on 
the wire at P, (say) to obtain the null point. 
The distance of P, from A is measured. 
Suppose this length is /, i.e. AP, = L 

.. TheemfofcellC,  & =kl, ...(1) 

(iii) Now plug is taken off between the 

terminals 1 and 3 and inserted in between 

the terminals 2 and 3 to bring cell C, in the 

circuit. Jockey is slided on wire and null 

deflection position P, is noted. Suppose 
distance of P, from A is L i.e. AP, = 1, 

.. TheemfofcellC,  e,=kl, slit) 


Dividing (i) by (i), we get — = - ... (iii) 
2 h2 


Thus emf’s of cells may be compared. Out 
of these cells if one is standard cell, then 
the emf of other cell may be calculated. 

(b) Causes for one sided deflection : 

(1) Potential difference between the ends of 
the potentiometer wire is less than the 
emf of the cell in the secondary circuit. 

(ii) The positive side of the driving cell is 
connected to the negative terminal of the 
cell in the secondary circuit. 

127. (a) State Kirchhoff’s rules for an electric 
network. Using Kirchhoff’s rules, obtain the 
balance condition in terms of the resistances 
of four arms of Wheatstone bridge. 

(b) In the meterbridge experimental set up, 
shown in the figure, the null point ‘D’ is 
obtained at a distance of 40 cm from end A 
of the meterbridge wire. If a resistance of 10 
Q is connected in series with R,, null point 
is obtained at AD = 60 cm. Calculate the 
values of R} and R.. (Delhi) 
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Ans. (a) Kirchhoff’s Rules : 

(i) Junction rule. At any junction of circuit 
elements, the algebraic sum of currents 
entering the junction must be equal to 
the sum of currents leaving it. i.e. XI = 0 

(ii) Loop rule. The algebraic sum of changes 
in potential around any closed loop 
involving resistors and cells in the loop 
is Zero. 

ZIR + LE = 0 
Balance condition of wheatstone bridge : 
Refer to Q.125 (a), Page 73 


O i ondion: Se = a 
Ro (100-40) 60 3 
2™¢ condition : 
R,+10. 60 60. 3 


=~" -2-2 (ii) 
R, 100-60 40 2 














R 2 
By dividing (i) by (i) -2y =3 
1+10 3 
Ry 2 
R, .2.2. 4 
R,+10 33 9 
9R, = 4R, +40 5R,=40.. 
By putting the value of R, in equation (i), 
2.2 = R= 28 21 
R) 3 2 


128. (i) Define the term drift velocity. 

(ii) On the basis of electron drift, derive an 
expression for resistivity of a conductor in 
terms of number density of free electrons 
and relaxation time. On what factors does 
resistivity of a conductor depend? 

(iii) Why alloys like constantan and manganin 
are used for making standard resistors? 

(Delhi)) 

(i) Drift velocity may be defined as the average 
velocity gained by the free electrons of a 
conductor in the opposite direction of the 
externally applied field. 

(ii) Refer to Q. 94, Page 63 

(iii) Because constantan and manganin show very 
weak dependence of resistivity on 
temperature. 
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Ans. 


130. 


(i) State the principle of working of a 


(ii) In the given poten- 


potentiometer. 


2V 15 Q 


tiometer circuit AB 
is a uniform wire of 
length 1 m and re- O 


sistance 10Q. Cal- B 


culate the potential 
gradient along the 
wire and balance 
length AO (= J). 
(Delhi) 


0.3 Q 


(i) Refer to Q. 126 (a), Page 73 
(ii) Given: lgp=1m, Rap = 10 Q, E, = 2V, 


(a 


(b 





Vw 


Vw 


R,=15 9, EQ=15V, 
Ra =1.2 9, Ra =0.3 Q, k=? Lg =? 
Current flowing in the potentiometer wire 
E 20 2 
Røn 15+10 25 
Potential difference across the two ends 








i= 


of the wire 
Vag = 2 x10=2 = 08 volt 
25 25 
Hence, potential gradient K = Vag _ 0:8 
LAB 1.0 
= 0.8 V/m 


Current flowing in the circuit containing 
experimental cell, 
Lar o e 
Latus 
Hence, potential difference across length AO 


of the wire 
Vio = Reo x1,=03x1=03 V 


Also Vag = K x lio 0.3 = 0.8 x lio 

ho~ i m = 0.375 m = 37.5 cm 
Obtain the condition under which the 
current flowing, in the ‘current detecting 
device’, used in the circuit shown in the 
figure, becomes zero. 
Describe briefly the device, based on the 
above condition. Draw a circuit diagram for 
this device and discuss, in brief, how it is 
used for finding an unknown resistance. 

(Comptt. All India) 


P Q 
A 














Current 
a i “*\ — detecting 
= Ro) device 
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Ans. 
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(a) The given circuit can be redrawn as : 


(b) 


Vw 


(a 


(b) 


(a) 








+ IE 
It is, therefore, a wheatstone bridge 
Using Kirchoff’s laws, we get (when i, = 0) 
i = i, and i, = í, 
For the loop ABDA, we have 
-4P + iX = 0 or iP = i,X 
For the loop BCDB, we have 
-iQ + 1,R = 0 or iQ = iR 
Dividing we get, 
iP iX 
BQ iR 
P X 
Q R 
A simple device, based on the above 
condition is ‘Meter Bridge’. 
Working of Meter Bridge : Refer to Q. 114, 
Page 69 
Why do the ‘free electrons’, in a metal wire, 
‘flowing by themselves’, not cause any 
current flow in the wire? 
Define ‘drift velocity’ and obtain an 
expression for the current flowing in a wire, 
in terms of the ‘drift velocity’ of the free 
electrons. 
Use the above expression to show that the 
‘resistivity’, of the material of a wire, is 
inversely proportional to the ‘relaxation 
time’ for the ‘free electrons’ in the mwtal. 
(Comptt. Outside Delhi) 
(1) The free electrons, in a metal, (flowing 
by themselves), have a random 
distribution of their velocities. Hence the 
net charge crossing any cross section in a 
unit time is zero. 


or Cei =i, and i, = i,) 


(ii) The drift velocity equals the average 
(time dependent) velocity acquired by 
free electrons, under the action of an 
applied (external) electric field. 

(iii) Expression for current in terms of drift 
velocity : Refer to Q. 47, Page 52 


(b) We know from above 


I=-neA VJ 


Ù 
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133. 


Ans. 
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(i) 


(ii) 


(7) 
(ii) 


(a) 
(b) 


(a) 


— 


eE 


Also we know, v; = | — |T «eel tl) 
m 


Putting the value of v} in equation (i) from 


equation (ii) we have 


I=-neA Ër E as 
m l 
or EL m E _ RA 
I ne? AT T l 
"aa m 
ne?t 
p ae 


Derive an expression for drift velocity of 
electrons in a conductor. Hence deduce 
Ohm’s law. 

A wire whose cross-sectional area is 
increasing linearly from its one end to the 
other, is connected across a battery of V 
volts. Which of the following quantities 
remain constant in the wire? 

(a) drift speed (b) current density 

(c) electric current (d) electric field 
Justify your answer. (Delhi) 
Refer to Q. 112 (a), Page 68 

(c) Electric current will remain constant in 
the wire. 

Reason : All other quantities depend on the 
cross sectional area of the wire and hence 
will not remain constant. 

State the two Kirchhoff’s laws. Explain 
briefly how these rules are justified. 

The current is drawn from a cell of emf E 
and internal resistance r connected to the 
network of resistors each of resistance r as 
shown in the figure. Obtain the 
expression for (i) the current drawn from 


the cell and (ii) the power consumed in 
the network. (Delhi) 


A B 








E,r 
| 
| 
Junction Rule : At any Junction, the sum of 
currents, entering the junction, is equal to 
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the sum of currents leaving the junction. 
Loop Rule : The Algebraic sum of changes in 
potential, around any closed loop involving 
resistors and cells, in the loop is zero. 
X(AV) = 0 
Justification: The first law is in accordance 
with the law of conservation of charge. 
The second law is in accordance with the 
law of conservation of energy. 
Given : EMF = E, internal resistance = r, 
resistance of each resistor = r 


The equivalent circuit diagram is shown 
below 





(1) The two resistances of ‘r’ each between 


points C and D are in parallel 


+ st+isrgy=t (i) 
ko fr 7 — 2 "a 
Similarly two resistances between points E 


and F are in parallel, 


r hs 
FEF = 2 ...(11) 


Now these resistances rcp and rpp are in 
series, 
fon = —+-— =r sas (iti) 
° 4, 
Now 3 resistances fop, "cp and ry of r 
each are in parallel 
r 


feg = 3 ...(10) 


Total resistance R = Ta 


Hence current drawn from the cell 


r 


E _3E 
Lyr oe 
3 


Power consumed, 


rere «(9 
3 4r 3 
9E? 4r _ 3E? 


XxX — 
16r? 3 4r 


l= 
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MAGNETIC EFFECTS OF CURRENT 
AND MAGNETISM 


4. Moving Charges and Magnetism 


QUICK REVISION OF THE CHAPTER 


. Magnetic field. It is the space around a magnet or current carrying conductor in which magnetic influence can be experienced. 


— 
Magnetic field is denoted by B. The SI unit of magnetic field is Tesla (T). 
. Magnetic force. The magnetic field exerts a force on any magnetic pole placed in the magnetic field. 


> > —> 
. Lorentz force. The total force on a charge g moving with velocity v in the presence of magnetic and electric field B and E 
respectively is called the Lorentz force. It is given by 


> > > > 
F 


— 
F = Felectric + Fmagnetic or E 


> > 
v xB 


=qE +q( ) 


. a, Se > ipi 
The magnetic force F = g( v x B) is normal to v and work done by it is zero. 
— 
. Magnetic force on a current-carrying conductor. The force F experienced by a straight conductor of length / and carrying a 


— 
steady current I placed in a uniform magnetic field B is 
— —> > > > 
F =I(! x B)=I/Bsiné@ where [0 is the angle between / and B] 


— 
. Motion in a magnetic field. When a charged particle moves in a uniform magnetic field with a velocity v at angle 6 to the 
direction of magnetic field, the charged particle follows a helical path. 


mvsin®@ 


(1) Radius of path, r= 
qB 


2tmvcos@ 


(ii) The pitch of helix, d = 
qB 


(iii) The angular frequency ‘w of the particle = a 
m 


(iv) Time period, T = C 
wW qB 
6. Cyclotron. The cyclotron is a machine to accelerate charged particles or ions to high energies. The cyclotron frequency is given 
by 


qB a charge g executes a circular orbit in a plane normal to B. This 


Ws TE where frequency is independent of the particles’ speed and radius. 
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— 
7. Biot-Savart law. It states that “the magnetic field d B due to a current element dl, carrying a steady current I, at a point P, at a 
distance r from the current element is, 


> > 
=. Üo y dixr 


dB = — I 
At rò 
= uo Idlsine O is the angle between the direction of the current and 
la Bl= = — ~ Where he lina ioinine th tel t 
An j2 e line joining the current element. 





The constant u is called the permeability of free space or vacuum. 
8. Magnetic field due to a circular current loop. The magnitude of the magnetic field due to a circular coil of radius R carrying 
a current I at an axial distance x from the centre is 





B= Ug IR 
2(x2 +R2)8/2 
I 
(i) At the centre, B = 0- 
2R 
: , I 
(ii) If the coil has n number of turns then B = a 2. 


—> 
9. Ampere’s circuital law. It states that “the line integral of magnetic field B around any closed path in vacuum is equal to ug times 
the total current enclosed by that path.” 


> >> 
B.dl = Hol where [I is the net current enclosed by the closed circuit.] 


10. Magnetic field due to a current carrying conductor. The magnitude of the magnetic field at a distance R from a long straight 
wire carrying a current I is given by 
Hol 
© 2R 
The field lines are circles concentric with the wire. 
11. Magnetic field due to a solenoid: 
(i The magnitude of the field B inside a long solenoid carrying a current I is, 
B = uniI where [n is the number of turns per unit length. 


(ii) Magnetic field at a point on one end of the solenoid is given by B = Zuni 
12. Magnetic field due to a toroid. The magnitude of magnetic field due to a toroid is 


HoNI 
2r 


N is the total number of turns, ris the average radius and 


Be 
n is number of turns per unit length. 


= Uol where 


13. Force between two parallel currents carrying conductors. When two infinitely long parallel conductors carrying currents I, 
and I, are placed at a distance r apart, then force on per unit length of a conductor due to the other conductor is given by 


21,1 
ee ee 
4n r 
: lI 
Force on length L of a conductor due to the other conductor is, F = ar 
mT T 


Wort: The force is attractive, if the currents in two conductors are in the same direction; and repulsive, if the currents are in 


opposite direction. 





—> 
14. Torque on a current carrying coil placed inside a magnetic field. Torque on a coil placed in a magnetic field B is 
— 


— 
t=MxB 
— 
= t= MB sin 0 where [9 is the angle between M and B and magnetic moment M is given by M = nIlA] 
Thus, Torge, t = nIAB sin 0 
15. Potential energy of a current loop in a magnetic field. When a current loop of magnetic moment M = “IA is held in a uniform 


magnetic field B in such a way that the direction of magnetic moment makes an angle 0 with the direction of magnetic field, 
then potential energy of the dipole is given by 


> > 
U=-M.B = U=-MBcos 0 
(Ù) When 9 = 0°, U = -MB is minimum (ii) When 9 = 180°, U = MB is maximum 
16. Magnetic dipole moment of a revolving electron. An electron moving around the central nucleus has a magnetic moment u; 
given by 
= 2 7 h L is the magnitude of the angular momentum of 
BL om MASER Bhs circulating electron about the central nucleus. 
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. Moving coil galvanometer. A moving coil galvanometer is used to detect and measure small electric currents. It is based on 
the principle that “when a current carrying coil is placed in a uniform magnetic field, the coil experiences a torque.” 
At equilibrium, restoring torque = deflecting torque 
ko = nIAB 


= no= í — }! => «In where [p is the deflection indicated on the scale of galvanometer.| 


. Sensitivity of a galvanometer. A galvanometer is said to be sensitive, if it gives a large deflection, even when a small current 
passes through it or when a small voltage is applied across its coil. 


(i) Current sensitivity, - ala? ...(rod pA) 
: ae AB 
(ii) Voltage sensitivity, Too ...(rod V=) 
V kR 
. Conversion of a galvanometer into a voltmeter. A galvanometer of a coil resistance G, showing full scale deflection of a current 


I, can be converted into a voltmeter for measuring potential difference V by connecting a large resistance R in series to its coil, 
given by 


Ra 


I 
& 
. Conversion of a galvanometer into an ammeter. A galvanometer of resistance G can be converted into an ammeter of range 
I by putting a small resistance S in parallel to its coil, which is given by 


loG 


UNITS USED 


— 


Magnetic field T (Tesla) G (gauss) 
Permeability of free space TmA7! 


Magnetic moment Am? or J/T 


Torsion constant Nm rod 
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Previous Years’ CBSE Examination Questions 


Very Short Answer Type Questions (VSA) 
(1 Mark) 


1. What is the direction of the force acting on a 


charged particle q, moving with a velocity V in 


a uniform magnetic field B? (Delhi) 


Ans. The direction of the force acting on a charged 
particle q, moving with a velocity V in a uniform 


magnetic field B is perpendicular to the plane of 


the vectors V and B. 
> > 
Also, F =q (Vx B) ...(i) 


> — 
So, force is perpendicular to both v and B. 
From equation (i), we can also say that the force 


F acts in the direction of the vector vx B. 


2. Why should the spring/suspension wire in a 
moving coil galvanometer have low torsional 
constant? (All India) 

Ans. Low torsional constant is basically required to 
increase the current/charge sensitivity in a mov- 
ing coil ballistic galvanometer. 


3. Magnetic field lines can be entirely confined 
within the core of a toroid, but not within a 
straight solenoid. Why? (Delhi) 

Ans. At the edges of the solenoid, the field lines get 
diverged due to other fields and/or non- 
availability of dipole loops, while in toroids the 
dipoles (in loops) orient continuously. 

4. An electron does not suffer any deflection while 
passing through a region of uniform magnetic 
field. What is the direction of the magnetic 
field? (All India) 


> > > > 

Ans. f =q (vxB)=0 Since v Il B 
Magnetic field will be in the line of the 
velocity of electron. 


5. A beam of œ particles X4 
projected along +x-axis, 
experiences a force due to a 
magnetic field along the e o particle 
+y-axis. What is the direction ae 
of the magnetic field? 

(All India) y 








—> > > 

Ans. F =q(vx B) 
Direction of the magnetic field is towards 
negative direction of z-axis. 
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6. 


Ans. 


Ans. 


Ans. 


Ans. 


10. 


Ans. 


.A beam of protons 


A beam of electrons 
projected along +x-axis, 
experiences a force due to a 
magnetic field along the 
+y-axis. What is the 
direction of the magnetic 
field? (All India) 





> > 
Direction of the magnetic field is F =q(v x B) 


towards positive direction of z-axis. 

a X 
projected along +x-axis, 
experiences a force due to a | 

magnetic field along the ee 
—y-axis. What is the ne 
direction of the magnetic 

field? (All India) / 

The direction of the magnetic field is towards 
positive direction of z-axis. 








. Depict the trajectory of a charged particle moving 


e e ~ e e e 
with velocity v as it enters a uniform magnetic 


field perpendicular to the direction of its motion. 
(Comptt. All India) 


x x X X x x 
x x X X x 
+ve Charge -ve Charge 
X X X X x 
x X X X X x 


The force acting on the charge particle will be per- 


pendicular to both v and B and therefore will de- 
scribe a circular path. 


. Write the expression in vector form, for the mag- 


— 
netic force F acting on a charged particle mov- 
— 
ing with velocity V in the presence of a mag- 


netic field B. (Comptt. All India) 
> > > 
Magnetic force, F = lx B) 


= Pl- gVB sin 0 


An ammeter of resistance 0.6 Q can measure 
current upto 1.0 A. Calculate (i) The shunt 
resistance required to enable the ammeter to 
measure current upto 5.0 A (ii) The combined 
resistance of the ammeter and the shunt. (Delhi) 
Raley = 0.6x1 


(1) Shunt Resistance, S = —— 
1—1 


= 0.15 Q 
S 
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Ans. 


13. 


Ans. 


14. 


Ans. 


15. 


Chapter 4 : MOVING CHARGES AND MAGNETISM : 81 





(ii) Total Resistance, E + 12 
wit. UO Dlo 3 
3 
R otal 25 Q = 0.12 Q 


Write the expression, in a vector form, for the 
—. 
Lorentz magnetic force F due to a charge moving 


=> — 
with velocity V in a magnetic field B. What is 
the direction of the magnetic force? (Delhi) 


> > > 
F =g( Vx B) ...[q is the magnitude of the moving charges) 
This force is normal to both the directions of 


—> > 
velocity Vand magnetic field B. 


Using the concept of force between two 
infinitely long parallel current carrying 
conductors, define one ampere of current. 

(All India) 


f = Ho hb 
2n r 

“One ampere of current is the value of steady 
current, which when maintained in each of the 
two very long, straight, parallel conductors of 
negligible cross-section; and placed one metre 
apart in vacuum, would produce on each of these 
conductors a force of equal to 2 x 10°” newtons 
per metre (Nm~!) of length. ” 

Write the condition under which an electron will 
move undeflected in the presence of crossed 
electric and magnetic fields.(Comptt. All India) 


E 
V= 8 
and electric and magnetic fields are mutually 


perpendicular. 


Why do the electrostatic field lines not form 
closed loops? (All India) 
Electric field lines do not form closed loops 
because the direction of an electric field is from 
positive to negative charge. So one can regard a 
line of force starting from a positive charge and 
ending on a negative charge. This indicates that 
electric field lines do not form closed loops. 

A particle of mass ‘m’ and charge ‘gq’ moving 
with velocity ‘v’ enters the region of uniform 
magnetic field at right angle to the direction of 
its motion. How does its kinetic energy get 
affected? (Comptt. Delhi) 
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Ans. 


16. 


Ans. 


17. 


Ans. 


Kinetic energy will NOT be affected. 


ae = ' 
*(When v is perpendicular to B, then magnetic 


field provides necessary centripetal force) 


Write the underlying principle of a moving coil 
galvanometer. (Delhi) 
Principle of a galvanometer : “A current carrying 
coil, in the presence of magnetic field, experiences 
a torque which produces proportionate 
deflection”. 
or, deflection (0) ~ t (Torque) 

A coil, of area A, carrying a steady current I, has 


— 
a magnetic moment, m, associated with it. Write 


e 
the relation between m, I and A in vector form. 
(Comptt. Delhi) 


= = 
Relation for magnetic moment = m = IA 


Short Answer Type Questions-I (SA-1) 


18. 


Ans. 


(2 Marks) 


Using Ampere’s circuital law, obtain an expression 
for the magnetic field along the axis of a current 
carrying solenoid of length / and having N number 
of turns. (All India) 
Magnetic field due to Solenoid 

Let length of solenoid = L 

Total number of turns in solenoid = N 


N 
No. of turns per unit length = eas 


ABCD is an Ampere’s loop 
AB, DC are very large 


BC is in a region of B =0 
AD is a long axis 
Length of AD = x 
Current in one turn = [, 

B 





OQOOOOPOOOOOOOOOOOOGO0O 


E 9 = 90° 
<15 4 
o e N 
N 2 A Baco di S Axis 
| x 


OQOQOQOQOOOOOOOOOOOOOOOOOO0O 
Applying Ampere’s circuttal loop — 
> > 
$B.di =u1 
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A> > 
= 0O + 0O + 0 + [Bd 
D 


(8 =90°) (= B=0) (C 0=90°) (-- 0=0°) 
A 


> 5 
B. dl = B | dicos® ...[°cos@=1 
D 


II 
gJ > 


| 
Jy 
s 
~ 
| 
acc) 
5R 
| 
Jy 
S 


No. of turns in x length = nx, 
Current in turns nx, I= nx I, 
According to Ampere’s circuital law 
Bx=p,1 => Beep, nx 1, 


=- B=p, aI, 


19. A charge ‘gq’ moving B 
along the X-axis with a 





velocity v is subje- 
cted to a uniform /7 
magnetic field B 
acting along the Z-axis 
as it crosses the origin O. 
(i) Trace its trajectory. 
(ii) Does the charge gain kinetic energy as it 

enters the magnetic field? Justify your 

answer. 

Ans. (i) 


X 
(Delhi) 





E i helical 


(ii) KE does not change irrespective of the 
direction of the charge as 


Power delivered, F.v z g(v x B). v =0 


[7 scalar triple product (v x B). v = 0] 

20. State Biot-Savart law. 
A current I flows in a conductor placed 
perpendicular to the plane of the paper. Indicate 
the direction of the magnetic field due to a small 


—> 
element dl at point P situated at a distance 7 


from the element as shown in the figure. 
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Z 
I 
di 
Sy 
ai 
X (Delhi) 


Ans. Biot-Savart law and its applications : 
Biot-Savart law states that “the magnitude of the 
magnetic field dB at any point due to a small current 
element dl is given by 


dB = © {dl 
AT 


...where|I is the magnitude y 
of current; dl is the ~~ 
length of element; 0 
is the angle 
between the length 
of element and the 
line joining the 
element to the point 
of observation; r is 
the distance of the 
point from the 
element. 





sin® ” 
E 


Current element 





In vector form, 


Its S.I. unit is tesla. Its direction is perpendicular 
to the plane in which di and 7lie 
? o 
Since, dB«I(d!lx Tr) 
dB is the direction given by (dlk xr j) 


Le, -dlri is along the negative x-axis. 


21. (a) In what respect is a toroid different from a 


solenoid? Draw and compare the pattern of 
the magnetic field lines in the two cases. 

(b) How is the magnetic field inside a given 
solenoid made strong? (All India) 

(a) Solenoid consists of a long wire wound in the 
form of a helix where the neighbouring turns 
are closely spaced, whereas, the toroid is a 
hollow circular ring on which a large number 
of turns of a wire is closely wound. 

(b) Magnetic field inside a given solenoid is made 
strong by putting a soft iron core inside it. It is 
strengthened by increasing the amount of 
current through it. 


Ans. 





(a) Solenoid 


(b) Toroid 
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Ans. 


25. 
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Write the expression for Lorentz magnetic force 
on a particle of charge ‘q’ moving with velocity 
v in a magnetic field B. Show that no work is 
done by this force on the charged particle. 

(All India) 
Expression for Lorentz magnetic force on a 


—_> 
particle of charge ‘g’ moving with velocity v ina 


magnetic field B is F =q(E+ Ux B) 
Work done by a magnetic force on a charged 
particle : 


The magnetic force F = g(E + Ux B) always acts 


perpendicular to the velocity v on the direction 
of motion of charge q. 

> > > > > 

F.v=g(vXB).v =0 
A steady current (I,) flows through a long 
straight wire. Another wire carrying steady 
current (I,) in the same direction is kept close 
and parallel to the first wire. Show with the help 
of a diagram how the magnetic field due to the 
current I, exerts a magnetic force on the second 
wire. Write the expression for this force. 

(All India) 

Refer to Q. 47, Page 87 
Using Ampere’s circuital law, obtain the 
expression for the magnetic field due to a long 
solenoid at a point inside the solenoid on its 
axis. (All India) 
Refer to Q. 18, Page 81 


Two identical circular wires P 
and QO each of radius R and 

















carrying current ‘I’ are kept in Pe ae 
perpendicular planes such that I 
they have a common centre as J 


shown in the figure. Find the 
magnitude and direction of the net magnetic 
field at the common centre of the two coils. 











(Delhi) 
Magnetic field produced by the two coils at their 
common centre are: Bs- B 
B, = UNI 
2R 
and B, = A I 
0 
The resultant field at the B, 
common centre is: I 
B= 4B? +B, 
_ ¥2 MoNT _ poNTxJ2V2 _ HNI 
2R 242R J2R 
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tan 0 = —2 ee ae 0 = 45° 


1 
The net magnetic field is directed at an angle of 
45° with either of the fields. 

26. Two identical circular loops, P and Q, each of 
radius r and carrying current I and 2I 
respectively are lying in parallel planes such 
that they have a common axis. The direction of 
current in both the loops is clockwise as seen 
from O which is equidistant from both the 
loops. Find the magnitude of the net magnetic 
field at point O. (Delhi) 


e r— > 


Q 
I 2I 


Ans. When the currents are in the same direction, the 


resultant field at point O is, 
Uo NIa? 
2(r?2 +.a7)9/? 


B 7 LU N2Ia2 
B= B, + B, = wae a 


=e oh [a is the radius of loop.] 

= 2(r2 + 4238/2 where [A 1S e radius OF Loop. 
27. Two identical circular loops, P and Q, each of 
radius r and carrying equal currents are kept in 
the parallel planes having a common axis 
passing through O. The direction of current in P 
is clockwise and in Q is anti-clockwise as seen 
from O which is equidistant from the loops P 
and Q. Find the magnitude of the net magnetic 


field at O. (Delhi) 
2r 
O 
r Q 
I I 
2 2 
Ans. Bp = ————_—_— = ——_—— 
 2(r2 +72)3/2 ~ 2x 23/273 


Hol 


442r 


= Bo pointing towards P 


I I 
IBI = Bp + Bpo = 2-2 = 0 


442r 7 242r 


So, the net magnetic field, at point O, has 
Hol 


242r 





and is directed towards the 





magnitude 


coil P. 
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28. 


Ans. 


29. 


Ans. 


30. 


Ans. 


31. 


Ans. 


Shiv Das Chapterwise Question Bank (Physics XII) 


A circular coil of closely wound N turns and 
radius r carries a current I. Write the expressions 
for the following : 
(i) the magnetic field at its centre 
(ii) the magnetic moment of this coil (All India) 
(1) The magnetic field at the centre of a circular 
coil of N turns and radius r carrying a 


current, I is B = Bo NE 


2 7 
(ii) Magnetic moment, M = NIA = Nir? 
A proton and a deuteron, each moving with ve- 
locity ù enter simultaneously in the region of 


magnetic field B acting normal to the direction 

of velocity. Trace their trajectories establishing the 

relationship between the two. (Comptt. Delhi) 
X X X X X XX X 
X X X X X X 
X X X X X 
X Proton 
X X DeutfronX X X 
X X X X X X X 







X KX KK X 


A particle of mass 10-3 kg and charge 5 uC enters 
into a uniform electric field of 2 x 10° NC-!, mov- 
ing with a velocity of 20 ms“ in a direction oppo- 
site to that of the field. Calculate the distance it 
would travel before coming to rest. 

(Comptt. Delhi) 


F = gE, = ma = gE 
6 5 
: ga HE _ 5x10 x2x10 =H E 
i 10™ 


As v* = u? — 24S, v = 0, when particle comes at rest 


u? 20x20 400 





"Distance, S= — = =- x10 °=02m 
2a 2x10 2 i 

. S=20cm 

A particle of mass 2 x 10° kg and charge 2 uC 

enters into a uniform electric field of 


5 x 10° NC1, moving with a velocity of 10 ms“! 
in a direction opposite to that of the field. 
Calculate the distance it would travel before 
coming to rest. (Comptt. Delhi) 
Force applied on the charged particle, f = qE 
=2 x10°x5 x10" =1N 

Acceleration exerted on the charged particle will 
be, 
f 1N 
4 = => = 
m 2x10% 
Distance travelled by charged particle before 
coming to rest will þe, 

v? = u? — 2aS 


...where [v = 0, u = 10 m/sec?, a = 500 m/sec? 





= 500 m/sec? 





w =o u Wx 
= Dist S= oe oa 
1Stance aa F 7y% m 
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32. A particle of mass 5 x 10° kg and charge 4 uC 
enters into a uniform electric field of 
2 x 10° NC“1, moving with a velocity of 30 ms! 
in a direction opposite to that of the field. Cal- 
culate the distance it would travel before com- 
ing to rest. (Comptt. Delhi) 
Force applied on the charged particle, 

f= Gb =4% 10° x2 x10 =08 N 
Acceleration exerted on the charged particle when 
it enters in electric field, 


„= f 08 _ 300 


m gxio™ ° 
Distance travelled by charged particle before com- 
ing to rest will be 

ve = u? —- 2aS or 2aS = u? — v? 


...where [v = 0, u = 30 m/sec2, a = 160 m/sec? 


Ans. 


= 160 m/sec? ...(i) 








2 
<. Distance, S = aw 
2a 
2 n2 
_ (30)? -(0 _ 30x30 _ 45 _ 5g, 
2 x 160 320 16 


33. An ammeter of resistance 0.80 Q can measure 


current upto 1.0 A. 

(i) What must be the value of shunt resistance 
to enable the ammeter to measure current 
upto 5.0A? 

(ii) What is the combined resistance of the 
ammeter and the shunt? (Delhi) 

(1) R = 0.80 Q, i, = 1.0 A, 1 = 5A 


i 1 
Shunt, S = =k, = (+ }o.80 
l — lo 5-1 


: - x 0.80 = 0.20 Q 


Ans. 


(ii) Combined resistance of ammeter and shunt, 


1t => ł2,łi -tł } 4 
Roombinead Re S 0.80 0.20 
= t4 9 2 
0.80 0.80 8 
8 


34. (a) How is a toroid different from a solenoid? 

(b) Use Ampere's circuital law to obtain the 
magnetic field inside a toroid. 

(c) Show that in an ideal toroid, the magnetic 
field (i) inside the toroid and (ii) outside the 
toroid at any point in the open space is zero. 

(Comptt. All India) 
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Ans. (a) A toroid is essentially a solenoid which has 
been bent into a circular shape to close on 
itself. 

(b) Refer to Q. 104 (b), Page 105 

(c) For the loop 1, Ampere’s circuital law gives, 

B,. 27r} =u,(0) ie. B, =0 
Thus the magnetic field, in the open space 
inside the toroid is zero. 





Also at point Q, we have 
B; (21s) = Ho endos 

But from the sectional cut, we refer to that 
the current coming out of the plane of the 
paper is cancelled exactly by the current 
going into it 
Hence Lacdosea = 9 . Bz = 0 

35. Derive an expression for the magnetic moment 


= i 
( u ) of an electron revolving around the nucleus 


—> 
in terms of its angular momentum ( 1 ). What is 


the direction of the magnetic moment of the 
electron with respect to its angular momentum? 
(Comptt. All India) 


ev evr 
Ans. We have, u = iA = 5— x ar? = = 
2nr 
Since | = mvr 
—> 
l = el 
m 2m 


[+ electron has a negative charge 
— 


The direction of w is Opposite to that of l, 


because of the negative charge of the electron. 
36. State the underlying principle of a cyclotron. 
Write briefly how this machine is used to 

accelerate charged particles to high energies. 
(Delhi) 

Ans. Refer to Q. 91, Page 100 

37. Draw the magnetic field lines due to a current 
passing through a long solenoid. Use Ampere's 
circuital law, to obtain the expression for the 
magnetic field due to the current I in a long 
solenoid having n number of turns per unit 
length. (Comptt. Delhi) 
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Q 





Ans. (i) 





Solenoid 


(ii) Expression for magnetic field : Refer to 
Q. 18, Page 81 
38. A rectangular coil of sides ‘l’ and ‘b’ carrying a 


current I is subjected to a uniform magnetic field 
— 

B acting perpendicular to its plane. Obtain the 

expression for the torque acting on it. 
(Comptt. Delhi) 

Ans. Refer to Q. 103, Page 104 
39. (i) State Biot - Savart law in vector form 
expressing the magnetic field due to an 
—> 


element dl carrying current I at a distance 


— 
r from the element. 


(ii) Write the expression for the magnitude of the 
magnetic field at the centre of a circular loop 
of radius r carrying a steady current I. Draw 
the field lines due to the current loop. 

(Comptt. All India) 





Ans. (i) Refer to Q. 96, Page 101 
Field lines 
= _ Bol 
(íi) B= oF 
40. A square loop 2A 


of side 20 cm 
carrying current 
of 1A is kept 
near an infinite 
long straight 
wire carrying a 
current of 2A in 
the same plane 
as shown in the figure. 
Calculate the magnitude and direction of the net 
force exerted on the loop due to the current 
carrying conductor. (Comptt. All India) 
Ans. Given : / = 20 cm = (20 x 10°) m 
I. =1A, r,= 10 cm = 10 x 10° m 
L=2A, r, = 30 cm = 30 x 107 m 


20 cm 
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F = wl, Li (2-2) o > 
aal D Force due to electric field = q E 
= -7 2 > > 
L O Ae A Force due to electric field = q(v x B) 
Lass oa s 
10x107 30x10 The required condition is g(v x B) 
=53 < 107 N + > > E 
The direction of force is towards the infinitely = gE =-q(v xB) >7v= B 
long straight wire. 43. A charge q of mass m is moving with a velocity 
41. A square shaped plane coil of area 100 cm? of of v, at right angles to a uniform magnetic field 
200 turns carries a steady current of 5A. It is B. Deduce the expression for the radius of the 
placed in a uniform magnetic field of 0.2 T circular path it describes. (Comptt. Delhi) 
acting perpendicular to the plane of the coil. Ans. Force experienced by charged particle in 
Calculate the torque on the coil when its plane magnetic field 
makes an angle of 60° with the direction of the = % 2s 
field. In which orientation will the coil be in F =qg(v xB) 
stable equilibrium? (Comptt. All India) 


As v and B are perpendicular, F = qvB 
This force is perpendicular to the direction of 
velocity and hence acts as 


Ans. Given: A= 100 cm? = 100 x (10+) m? = 102 m 
N= 200 turns, I = 5A, B = 0.2 T 
© = 90° — 60° = 30° 














. mv” 
t = NIAB sin 0 centripetal force (a 
7 
= (200) x (5) x (10?) x (0.2) x G ; 
mv 
i = qvB 
sin 30° = z 
i On solving, r = | 22 
= 1 Nm 5 JB 
The coil will be in stable equilibrium when it is 44. A proton and an alpha particle having the same 
parallel to the magnetic field. kinetic energy are, in turn, passed through a 
region of uniform magnetic field, acting normal 
oo to the plane of the paper and travel in circular 
42. Find the condition under which the charged paths. Deduce the ratio of the radii of the 
particles moving with different speeds in the circular paths described by them. 
presence of electric and magnetic field vectors (Comptt. Delhi) 
can be used to select charged particles of al ans. Given: E =E=E 
particular speed. (All India) . Ss 
= We know, “ = qvB 
Ans. Condition : The velocity v of the charged í 
> = oo pa 27A © E= tm? 
particles, and the Eand B vectors, should be qB 2 
mutually perpendicular. 2m,E 2m,E |* Ma = Am, 
r= and r, = 
an Ge P AB o AaB Ja = 24 
It means that the forces on q, due to Eand B P P 
must be oppositely directed. Ty 2m,E o oB |. a 
To, JpB y 2M E Moa py 
2 
Me Hip = 1 x 2 = 
4m, Gy 2 
re eee el 
: Short Answer Tyne Questions-I (SA-ID 
(3 Marks) 


45. A circular coil of 200 turns and radius 10 cm is 
placed in a uniform magnetic field of 0.5 T, 
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Ans. 


46. 


Ans. 


47. 


Ans. 
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normal to the plane of the coil. If the current in 
the coil is 3.0 A, calculate the 
(a) total torque on the coil. 
(b) total force on the coil. 
(c) average force on each electron in the coil, 
due to the magnetic field. 
Assume the area of cross-section of the wire 
to be 10° m? and the free electron density is 
107?/m?. (All India) 


(a) As B is ll to the dipole moment (M) 
t = BM sin 0° = 0 
(b) As the forces on different parts of the coil 
appear in pairs, equal in magnitude and 
opposite in direction, net force on the coil is 
zero ie. F = 0 
(c) F = Bev, {e I = neAv,} 
I BI 05x3 
mA nA 0P x10 
F = 1.5 x 10 N 
An electron moves around the nucleus in a 
hydrogen atom of radius 0.51 Å, with a velocity 
of 2 x 10° m/s. Calculate the following : 
(i) the equivalent current due to orbital motion 
of electron 
(ii) the magnetic field produced at the centre of 
the nucleus 
(iii) the magnetic moment associated with the 
electron. (All India) 
Given: r = 0.51 x 101° m, v= 2 x 10° m/s 





(i) Equivalent current, I = £ = £ 
T 2rr 
27 x (0.51 x 10710) 
s 32x10 82 a 
6.28 x0.51x10710 3.2028 
=9.99x10° A 
i ra fi I uUpev 
M tic field, B = =E = #0 
(ii) Magnetic fie o 


~7 -19 5 
_ 10-* x1.6 x10 = -1.23 T 
(051x107) 
(iii) Magnetic moment, M = IA = I x mr? 
2 
1.6 x 1071? x 2x 10° x (0.51 x 10710) 


—24 
. — = 0.816 x 10-24 


8.16 x 10-75 Am? 


Derive the expression for force per unit length 
between two long straight parallel current carrying 
conductors. Hence define one ampere. (Delhi) 
Consider two infinitely long parallel conductors 
carrying current I, and I, in the same direction. 
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48. 


Ans. 
49. 


Ans. 


Let d be the distance of separation between these 
two conductors. Wire 1 Wire 2 
By = — 
I, x l, x B4 sin 0 
fsin0= 1} | a 


F, 


Ho X k B, 
2nd d 
Force per unit length, | | 


> F,=1,xl,x 


p- Holi p _ Hole | | 
ond ” 2rd 
I, x 4 x B, sin 0 
Uolilz2l 

2rd 


{sin 0 = 1} 


Fy 


Holly 
2nd 

Hence, force is attractive in nature. 
Ampere : Ampere is | | 
that current which is if | | 
maintained in two 
infinitely long parallel 
conductors of negligible 
cross-sectional area 
separated by 1 metre in 
vacuum causes a force 
of 2 x 107 N on each 
metre of the other wire. 
Then current flowing is 1A 


Force per unit length, F = 


I,=1A I= 1A 


d=1m 
Vaccum | 


U,=1 


_ Wo X1xi1 
= 20x1 


F= 52 = 2x107 N 
Explain the principle and working of a cyclotron 
with the help of a schematic diagram. Write the 
expression for cyclotron frequency. (Delhi) 
Cyclotron : Refer to Q. 91, Page 100 
Find the magnetic field at a point on the axis of 
a circular coil carrying current and hence find 
the magnetic field at the centre of the circular 
coil carrying current. 
Magnetic field at a point on the axis of a circular 
coil carrying current 
Consider a circular coil of radius ‘a’ with centre 
‘O’, carrying current I. Its plane is perpendicular 
to the plane of the loop. Suppose P is any point 
on the axis of the circular coil at a distance x 
from the centre, such that 

OP = x 
Consider two small elements of length dl at C 
and D at diametrically opposite current elements 
of the coil 


PC = PD e772 2 


az +x 
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dB’ sin o 
dB’ Q 


dl 
According to Biot Savart’s law, the magnitude of 
magnetic field at P due to current element dl at 
C is 


Ho Idl sin 0 


dB = 
Ar r2 


-> > . 
dl and r are perpendicular 


8 = 90° 

JB = Ho Idl sin 90 
AT r2 

ape So a a a - 
An r2 An (a*+x7) (9) 


The direction of dB is perpendicular to T in the 
plane paper i.e., along PQ. 

Similarly, the magnitude of magnetic field at P 
due to current element dl at D is 


, Uo Idl 
iB = en 
An (a? +x?) 
Its direction is along PQ’ 
From (i) and (ii), we get, dB = dB’ = 


Let ZCPO = ZDPO = 6 


(ü) 


Ho Idl 
Att (a? + x?) 


> — 
Resolving dB and dB’ into rectangular 


components : 

(i) dB cos ọ along PY and dB’ sin ọ along PX 
(ii) dB cos ọ along PY and dB’ sin ọ along PX 
Since the components of the magnetic field along 
Y-axis are equal and opposite and cancel each 
other, the components along X-axis are in the 
same direction and are added up. 
Hence the total magnetic field at point P is, 


B= | sing 


4 pe Ho Idl sino 
AT (a? + x?) 
_ Ho I . | 
= B= sin dl 
An (a* + x7) j 
Since sin 0 = —__* — and fa = 2na 
Var +x? 
pa-to. |. 4 _ ny 
AT (a? 4 x7) az + y 
If there are n turns in the coil, 
2 
then B= Mor 
2(a2 +x2)72 
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Special cases: 
(1) When the point P lies at the centre of the 
coil, then x = 0 


B= Uo n Ia? _ Ug nl 
© 2 2A 
(ii) When the point P lies far away from the 
centre of the coil 
then x >> a 
Sa S 


„e[t a? is very small and can be neglected] 











B = Uo 1 Ia? 
ox” 
2nn a*l 
B= r ms ..[ ma? = A, area of loop 
TU X 
. B= H A p- h M 
4n x 4t x 


where [M = nIA = magnetic dipole moment of current 
loop. The SI unit of M is Amz. 


50. Deduce the expression for the magnetic dipole 
moment of an electron orbiting around the 
central nucleus. (All India) 
+ Ze. This constitutes a 


Ans. Consider an electron 
revolving around the nucleus 
current. 
e , 
ls — ey 
- () 


of an atom. Electron is in 
uniform circular motion 

If ‘rv’ is orbital radius of the electron and ‘v’ is 
orbital speed, then the time period is 


Q 


around the nucleus of charge 


Tia (ii) 
v 
Now putting the value of T in (i), we get 
I= << PR 
2 Tr me 


As magnetic moment is u; = I nr? 
We have y = (=) nr= 2 

2r 2 
Multiplying and dividing by ‘m’, we get 


evmr € 


= 





2m 2m 
...where [I is angular momentum of the electron. 

According to Bohr hypothesis angular 

momentum we can have discrete values only. 

nh — enh 

Qn a 2m(2m) — Amm 

51. A long straight wire of a circular cross-section of 
radius ‘a’ carries a steady current ‘I’. The current 
is uniformly distributed across the cross-section. 
Apply Ampere’s circuital law to calculate the 
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52. 


Ans. 
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magnetic field at a point ‘r in the region for 
(Delhi) 


(i) r < a and (ii) r > a. 
Consider an infinite long 
thick wire of radius ‘a’ 
with axis XY. Let I be the 
current flowing through 
the wire. 

When the point P lies 
outside the wire : 

Let r be the perpen- 
dicular distance of point 
P from the axis of the cylinder, where r > a. 


> — 
Here B and d I are acting in the same direction. 
Applying Ampere’s circuital law, we have 


$B.a1 =—Ul > pBal cos ð = ul 


211 
=> B Í dl = ul ul. coset 
0 
= B.2rr = ul ee ee 2 Bee 
2nr r 


When the point P lies inside the wire : 
Here r < a. We have two possibilities: 
According to Ampere circuital law, 

(i) “Whenever the current flows only through the 
surface of the wire, B = 0 as current in the closed 
path will be zero.” 

(ii) “Wherever in the case when current is uniformly 
distributed through the cross-section of conductor, 
current through the closed path will be : 

I= Current per unit area of the wire 
x area of the circle of radius r 
I le 
= —5 x ge 77 
Applying Ampere’s circuital law, 
> > 
$= B.dl = ul’ 
Ir? 
= Bx 2mr = u, X ra 
Hr Ho Ir 


2n a 
State the underlying principle of working of a 


moving coil galvanometer. Write two reasons 
why a galvanometer can not be used as such to 
measure current in a given circuit. Name any 
two factors on which the current sensitivity of a 
galvanometer depends. (Delhi) 
(i) Moving coil galvanometer works on the 
principle of a torque experienced by a 
current carrying coil placed in a magnetic 
field, whose magnitude is a function of 
current passing through the coil. 
(ii) The galvanometer cannot be used to measure 
the value of the current in a given circuit due 


=> B= 2. Be 7 
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to the following two reasons: 

(a) Galvanometer is a very sensitive device. 
It gives a full scale deflection for a small 
value of current. 

(b) The galvanometer has to be connected in 
series for measuring currents and as it 
has a large resistance, this will change the 
value of the current in the circuit. 


(iii) Current sensitivity, I, = me ize 


It depends on the number of turns N of the coil, 
torsion constant and the area A of the coil. 
53. Write the expression forthe 4 L, B 


magnetic moment (M) due 


to a planar square loop of X 
side ‘l’ carrying a steady ] 
current I in a vector form. Vv 


In the given figure this loop is placed in a 
horizontal plane near a long straight conductor 
carrying a steady current I, at a distance | as shown. 
Give reasons to explain that the loop will 
experience a net force but no torque. Write the 
expression for this force acting on the loop. (Delhi) 


Ans. A I, B 
(i) The magnetic moment —4% 7? 
l F 
(M) due to a planar X Cite 
square loop of side ‘I’ l 
carrying a steady v 2 
current I in a vector 9 } 
form is Fp 
Mather ...where [A = [7 
(íi) CE will be attracted towards AB with a force 
F, given by 
211 
F, = oo xt x (length CE) 
Tt 
— Layee ee eee 
At l T 


DF will experience repulsion force away 
from AB, with a force F,, given by 


F, = Po y a x (length DF) 





At 2! 
oe ge E, 
4m x 21 4T 


The forces on the portions CD and EF will 
cancel out each other’s effect 
The net force on loop is 


Ho Ho 
F= F - F, = = 21L - — II 
1 hee 1 ae 


= £0 II, towards AB 
4T 
As F, #F, Hence no torque acts on loop. 
54. Write the expression for the magnetic moment 
(M) due to a planar square loop of side ‘I’ 
carrying a steady current I in a vector form. 
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In the given figure this loop is placed in a | Ans. (i) t = IAB sin 0 = T = JAB sin 0 (as 0 = 0) 


horizontal plane near a long straight conductor teo AeA x nt sin 0 = 0 
x 


carrying a steady current I, at a distance Í as 1( 
shown. Give reasons to aj ie B (ii) Force acting on the loop on |F| 
explain that the loop will ~ >? = Tees ( 1 1 
experience a net force but 2n n h 
no torque. Write the x 1 1 
expression for this force v K =2x 10” x5x2 x w|- 7 ay 
acting on the loop. (Delhi) 20 x 10-8 1 (4 
Ans. (i) The magnetic moment a L B = 2x 1- 1)N = 20 x 10 (= }N 
-A = 16 x 10® N 


(M) due to a planar , i l 
Direction : Towards conductor/Attractive 


l 
square loop of side ‘I’ ct E 
quar P X I Net force on the loop will act towards the 
carrying a steady l | J we) if th l 
1 Bae Í ong conductor (attractive) if the current in 
ae a D F its closer side is in the same direction as the 


form is e current in the long conductor, otherwise it 
"e 2 will be repulsive. 
M=IA=I „where [A = P 56. A rectangular loop of wire A1=54A 2cm —, 
(ii) CE will be attracted towards AB with a force of size 2 cm x5 cm carries a 
F, given by steady current of 1A. A 
211 straight long wire carryin 
Fis T . ae x (length CE) 4A eal is kept ae > em a 
oT] loop as shown in the figure. 
Epa eI L If the loop and the wire are 
am a coplanar, find 1 cm 
DF will experience repulsion force away (i) the torque acting on the loop and 
from AB, with a force F,, given by (ii) the magnitude and direction of the force on 
211 the loop due to the current carrying wire. 
> = i x EE x (length DF) P y OaS 
2 vip Oa Ans. (i) t (Torque on the loop) = MB sin 0 
= 4nx2l 4m l g = 
The forces on the portions CD and EF will 5 = ang pe ee eS” 
; (ii) Force acting on the loop, | F | 
cancel out each other’s effect Ei 
The net force on loop is = o2] 4 - 1) 
aU E R a 1 1 
fi Bey se i a =a - ay, > _ 
An An =2x10’%x4x1x5x10 WZ | 
= T II} towards AB _ 40x10? 1-2 IN -40x 107x 2N 
107? 3 3 
As F, #F, 80 
Hence no torque acts on loop. > a @ 107 N = 26.66 x 107 T ~ 2.67 UN 


Direction : Towards the conductor/Attractive 
Net force on the loop will act towards the 
long conductor (attractive) if the current in 
its closer side is in the same direction as the 
current in the long conductor, otherwise it 
PAKIO cm 2A will be repulsive. 
57. Two identical coils, each of radius ‘R’ and 
number of turns ‘N’ are lying in perpendicular 


55. A rectangular loop of 
wire of size 4 cm x 10 I=5A 4 cm 
cm carries a steady 
current of 2A. A 
straight long wire 
carrying 5A current is 
kept near the loop as 


shown. If the loop and iem planes such that their centres coincide. Find the 
the wire are coplanar, find magnitude and direction of the resultant 
(i) the torque acting on the loop and magnetic field at the centre of the coils, if they are 
(ii) the magnitude and direction of the force on carrying currents ‘I and 31 respectively. 
the loop due to the current carrying wire. (Comptt. Delhi) 
(Delhi) 
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Ans. 


58. 


59. 
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B = Uo2nNI  uoNI 
1~ 4nR 2R 
p — Ho2tNIV3 _ HoNIy3 
an 4nR 2R 
B] , 
B 





So, Resultant magnitude, 


B = .|B,2 +By’ = Pon J1+3 = = Bo! 


and Direction is dea 

Two identical coils, each of radius ‘R’ and 
number of turns ‘N’ are lying in perpendicular 
planes such that their centres coincide. Find the 
magnitude and direction of the resultant 
magnetic field at the centre of the coils, if they are 








carrying currents ‘Il’ and 21 respectively. 
(Comptt. Delhi) 





B. = Uo2nNI  uoNI 
1~ “4nR 2R 
p —- Ho2nNIŅ2 _ poNIŅ2 
2 4nR  2R 
By 
B 
Bo 


Magnitude, B 


= Bae +B," 


and Direction is ee 





= Ho tino BoNTV3 


Figure shows a 
rectangular loop 
conducting PORS in 
which the arm PQ is 
free to move. A 
uniform magnetic 
field acts in the 





x XxX XxX KX XxX XK 


direction perpendicular to the plane of the loop. Arm 
PQ is moved with a velocity v towards the arm RS. 
Assuming that the arms QR, RS and SP have 
negligible resistances and the moving arm PQ has 
the resistance r, obtain the expression for (i) the 


Q 
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Ans. 


60. 


Ans. 


61. 


Ans. 


current in the loop (ii) the force and (iii) the power 
required to move the arm PQ. (Delhi) 
Let the magnetic field acting on the loop be B and 
length of the rod PQ be ! 

The induced e.m.f. € = Blv 





(i) Current in the loop, i = e= Blv 
r r 
B212 
(11) Force F = ilB = EY XB = Re BI v 
(iii) Power required o move the arm PQ: Pae 
BTY 
or £i = 





i 
A rectangular conductor 
LMNO is placed in a 
uniform magnetic field of 
0.5 T. The field is directed 
perpendicular to the plane 
of the conductor. When the 
arm MN of length of 20 cm is moved towards left 
with a velocity of 10 ms, calculate the emf 
induced in the arm. Given the resistance of the 
arm to be 5Q (assuming that other arms are of 
negligible resistance) find the value of the current 





in the arm. (All India) 
pe 0.5 T v = 10 ms"! 
ER cm = = 20x 102 m 
100 
R=5Q Es? l=? 
E = Bul 
E = 0.5 x 10 x 20 x 102? xsaE=1V 
fea. e A 
R 5 


A wire AB is carrying a steady current of 12A 
and is lying on the table. Another wire CD 
carrying 5A is held directly above AB at a 
height of 1 mm. Find the mass per unit length 
of the wire CD so that it remains suspended at 
its position when left free. Give the direction of 
the current flowing in CD with respect to that 
in AB. [Take the value of g = 10 ms] 

(All India) 
Given : 
Current in the wire AB(I,) = 12 A, 
Current in wire CD (L) =5 A 
Separation between two wires (d) = 1 mm 

= 10° m 

Let ‘m’ be the mass of wire CD of length (L), 


mn : > > 
hence mi Fag IXB) 
Now the magnetic 
field due to wire 6 A D 
(AB) on wire (CD) is 
B 7 Mo < 2h 1mm 
4n d A B 
10 A 
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P veini = Mg 63. 
To balance 
> > 
T -= ae MS = I, (Lx B) 





—+ 
m hLxB Ih Mo y 2h 
7 y An d 





7 3 T Ho g 2x 12 
10 árt 1x10” 
Ei 


_ Sgun” 22% 

10 10° 

1.2 x 10° kg m“! 
Direction of current in CD should be opposite to 
that of AB. 

62. A wire AB is carrying a steady current of 10 A 
and is lying on the table. Another wire CD 
carrying 6 A is held directly above AB at a 
height of 2 mm. Find the mass per unit length 
of the wire CD so that it remains suspended at 
its position when left free. Give the direction of 
the current flowing in CD with respect to that 
in AB. [Take the value of g = 10 ms] 

(All India) 
Ans. Let AB has current in +ve x-direction 

(L) Current in wire AB = 10 A, 

(L) Current in wire CD = 6 A 

Separation between the two wires = 2 mm 

= 2 x 10° m 

To keep the wire CD suspended in its vertical 
position when left free. For this magnetic force 
on CD due to AB should balance mg due to its 
own weight. 
Let m be the mass of the wire CD and L be its 
length 





P =r xb) 


mag 


(B) magnetic field due to wire AB at CD is 





— Ho _2lag 
4n (2x10) 
Faa, on CD = H0 _7AB_ x 6 XL 
5 4r (2x10) 
C Ji D 
1mm 
A B 
10A 
=> Freignt On CD = mg 
Up  2X10x6xL 
mg = a 
4T 2x10 
m 10x6 7 3 1 
Io x 107 = 6 x 10” kg m 


Direction of current in CD should be opposite to 
that AB. 
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Ans. 


64. 


(a) Define the current sensitivity of a galva- 
nometer. 

(b) The coil area of a galvanometer is 16 x 10+ 
m?. It consists of 200 turns of a wire and is 
in a magnetic field of 0.2 T. The restoring 
torque constant of the suspension fibre is 
10° Nm per degree. Assuming the magnetic 
field to be radial, calculate the maximum 
current that can be measured by the galva- 
nometer if the scale can accommodate 30° 
deflection. (Comptt. All India) 
Sensitivity of a galvanometer : A galvanom- 
eter is said to be sensitive, if it gives a large 
deflection, even when a small current passes 
through it. 


(a 


M” 





(i) Current sensitivity, 2- A (WA) 
(ii) Voltage sensitivity, 2- um (UV) 


b) A=16x104 m2, N =200 turns, B = 0.2 T, 
k = 10° Nm per degree 
30xnm TN 


0 = 30° = =— Rad 
180 6 
As NABI = k9 
200 x (16 x 10+) x (0.2) x I = 10% x 7 
mx 10° 


l= OOOO OOOO 
6 x 200(16 x 10-*) x (0.2) 
= 8.17 x 10° A = 8.17 pA 


(a) State Ampere’s circuital law, expressing it in 
the integral form. 

(b) Two long coaxial insulated solenoids, S, 
and S, of equal lengths are wound one over 
the other as shown in the figure. A steady 
current “I” flows through the inner 
solenoid S, to the other end B, which is 
connected to the outer solenoid S, through 
which the same current “I” flows in the 
opposite direction so as to come out at end 
A. If n, and n, are the number of turns per 
unit length, find the magnitude and 
direction of the net magnetic field at a point 
(i) inside on the axis and (ii) outside the 
combined system. (Delhi) 





no turns 
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Ans. (a) According to Ampere’s Circuital law, the 


— 
magnetic field B is related to steady current 


> > 
I as $ B.dl = uol 


(b) (i) Inside the combined system : Magnetic 
field at a point on the axis. 
Using Ampere’s Circuital law, the 
magnetic field due to inner solenoid S} is 


given by 

B, = ugl eat) 
Similarly due to outer solenoid S,, 

B, = uml «ech ft) 


Since these two magnetic fields are 
opposite in direction, 


= 
B = B, - B, = W04 - n) I in the 
upward direction. 

(ii) Outside the combined system : At such 
a point, magnetic field is zero, because 
corresponding turns of the two halves of 
the solenoid produce equal and opposite 

magnetic fields. 
65. Consider the motion of a charged particle of 
—> 
mass ‘m’ and charge ‘gq’ moving with velocity v 

—> 

in a magnetic field B. 


y > 
(a) If v is perpendicular to B, show that it 
describes a circular path having angular 
frequency @ = qB/m. 


(b) If the velocity v has a component parallel 


—> 
to the magnetic field B, trace the path 


described by the particle. Justify your 
answer. (Comptt. Delhi) 
Ans. (a) Refer to Q. 108 (a), Page 108 


(b) 





a ‘ helical 


Justification : Component of velocity rs , parallel 


to magnetic field, will make the particle move 
along the field. 


Perpendicular component of velocity 7 will 


cause the particle to move along a circular path in 
the plane perpendicular to the magnetic field 
Hence, the particle will follow a helical path, as 
shown above. 
66. (a) Draw a schematic sketch of a moving coil 
galvanometer and describe briefly its 
working. 
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Ans. 


67. 


Ans. 


(b) “Increasing the current sensitivity of a 
galvanometer does not necessarily increase 
the voltage sensitivity.” Justify this 
statement. (Comptt. Delhi) 

(a) Refer to Q. 111, Pages 109-110 

(b) Current sensitivity is defined as the 
deflection produced in the galvanometer 
when unit current is passed through its coil. 


= - = — radian/ampere or division A71 





n = Number of turns in the galvanometer. 
...where | k = Restoring couple per unit twist or 
torsional constant. 


Voltage sensitivity is defined as the 
deflection produced in the galvanometer 
when unit voltage is applied across the coil 
of the galvanometer. 


= v = os radian/volt or div. V7! 
S V KR 


...where [R = Resistance of the coil 





l , cae 
Since V, = = , Increase 1n current sensitivity 


may not necessarily increase the voltage 
sensitivity. It may be affected by the 
resistance used. 


— 
A uniform magnetic field B is set up along the 


positive x-axis. A particle of charge ‘g’ and mass 
— 


‘m moving with a velocity v enters the field at 


the origin in X-Y plane such that it has velocity 
components both along and perpendicular to the 
—_- 


magnetic field B. Trace, giving reason, the 


trajectory followed by the particle. Find out the 
expression for the distance moved by the 
particle along the magnetic field in one rotation. 
(All India) 
Since the velocity of the particle is inclined to 
x-axis, thererfore, the velocity has a component along 
B, this component remains unchanged as the motion 
along the magnetic field will not be affected by the 
magnetic field. The motion in a plane perpendicular 
to B is as before a circular one, thereby producing a 
helical motion, which is its trajectory. 
If r is the radius of the circular path of a particle, 
then a force of mv*/r, acts perpendicular to the path 
towards the centre of the circle and is called the 
centripetal force. If the velocity v is perpendicular 
to the magnetic field B, the magnetic force is 
perpendicular to both v and B and acts like a 
centripetal force. It has a magnitude qvB. Equating 
the two expressions (for centripetal force) 
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68. 


Ans. 


Q 
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radius 

mv?/r = quB, which gives r = mv/qB _ ...(i) 
for the radius of the circle described by the 
charged particle. 
We have, T = Ta l aa ... (ii) 

ó w v/r qB 

There is a component of the velocity parallel to 
the magnetic field (denoted by vy), it will make 
the particle move along the field and the path of 
the particle would be a helical one. 
The distance moved along the magnetic field in 
one rotation is called pitch p. 
Using equation (ti), we have 

p = 0, T = 2nmo,/qB 
Write the expression for the generalized form of 
Ampere’s circuital law. Discuss its significance 
and describe briefly how the concept of 
displacement current is explained through 
charging/discharging of a capacitor in an electric 
circuit. (All India) 
Maxwell's displacement current : According to 


— 
Ampere’s circuital law, the magnetic field B is 
related to steady current I as, 


> > 
$B.dl =u] ...(i) 
Maxwell showed that this CG. PGO 
relation is logically O 
inconsistent. He accounted B 
this inconsistency as follows : | 
I 


Ampere’s circuital law 
for loop C} gives 


> > 
$ B.d=u] (i) 
Cy 
Loop C, lies in the region between the plates 
> > 
e f B.dl =0 .. (iii) 
Cy 
> > > > 
It is expected that, f B.dl = f B.dl ...(10) 


Cy Co 
which is logically inconsistent. So, Maxwell gave 
idea of displacement current. 
Thus displacement current is that current which 
comes into play in the region in which the electric 
field and hence the electric flux is changing with 
time. 
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69. 


Ans. 


70. 


Ans. 


I= £ AF 
where [Ip is displacement current and p is electric flux. 
— dbp 
a me + Eo “dt 


It is now called Ampere-Maxwell law. This is the 
generalization of Ampere’s Circuital law. 

(a) Why is the magnetic field radial in a 
moving coil galvanometer? Explain how it 
is achieved. 

A galvanometer of resistance ‘G’ can be 
converted into a voltmeter of range (0 — V) 
volts by connecting a resistance ‘R’ in series 
with it. How much resistance will be 
required to change its range from 0 to V/2? 
(Comptt. All India) 
The magnetic field in a moving coil 
galvanometer is made ‘radial’ to keep the 
magnetic field ‘normal’ to the area vector of 
the coil. It is done by taking the cylindrical 
soft iron core. The torque acting on the coil is 
maximum (sin 8 = 1, when, 8 = 90°) 
Given : resistance of galvanomter = G Q 
Range of voltmeter (R,) = (0 — V) volts 
Resistance to be connected in parallel = R 


(b) 


(a) 


(b) 





R= 2 where range is (0 — z) Volts 

In the first case, i, = | (1) 
” 83 R+G a 

>- V2 i 

In the second case M BG ...(11) 


[i , is the maximum current which can flow 
through galvanometer] 
From equation (i) and (ii), on solving we get 


mae 


A closely wound solenoid of 2000 turns and 
cross sectional area 1.6 x 10+ m? carrying a 
current of 4.0 A is suspended through its centre 
allowing it to turn in a horizontal plane. Find 
(i) the magnetic moment associated with the 
solenoid, (ii) magnitude and direction of the 
torque on the solenoid if a horizontal magnetic 
field of 7.5 x 10 T is set up at an angle of 30° 
with the axis of the solenoid. (Comptt. All India) 
Given : n = 2000 turns, A = 1.6 x 104% m2 


L=40 A,B =75x% 107 T 
(sin 30° = 5] 
(i) Magnetic moment (M) 


M = NIA = (2000) x (4) x (1.6 x 107+) 
= 1.28 Am? 
(ii) Magnitude of torque 


8 = 30°, 


t = MxB = MB sin 0 
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= (1.28) x (7.5 x 102) x 5 


= 48 x 10° Nm 
(iii) Direction of torque is perpendicular to both the 
planes of the solenoid and the magnetic field. 


71. (a) Write the expression for the magnetic force 
acting on a charged particle moving with 
velocity v in the presence of magnetic 
field B. 

(b) A neutron, an electron and an alpha particle 
moving with equal velocities, enter a 
uniform magnetic field going into the plane 
of the paper as shown. Trace their paths in 
the field and justify your answer. (Delhi) 


X X X X X X 


a —> 

X X X X X X 
u= > 

X X X X X X 
p ==> 


x X X X X X 
Ans. (a 


Ne 


Expression for magnetic force : 


=> 5 2 ; 
F =q( vx B) = qvB sin 0 
This force (F) acts perpendicular to the plane 


x | wwe x 
l a 
of force experienced by S 


the particle will be n—x>—x x x 
according to Fleming's 


Left hand rule. g D = 
x |x x X 


72. Two long straight parallel conductors carry 
steady current I, and I, separated by a distance 
d. If the currents are flowing in the same 
direction, show how the magnetic field set up in 
one produces an attractive force on the other. 
Obtain the expression for this force. Hence 
define one ampere. (Delhi) 

Ans. Refer to Q. 47, Page 87 

73. Use Biot-Savart law to derive the expression for 
the magnetic field on the axis of a current 
carrying circular loop of radius R. 


_ + = 
containing vV and B 


(b) Justification : Direction 


Draw the magnetic field lines due to a circular 
wire carrying current I. (All India) 
(i) Refer to Q. 96, Page 101 
(ii) Refer to Q. 107 (a), Page 107 
74. Three long straight parallel wires are kept as 
shown in the figure. The wire (3) carries a 
current I 


Ans. 
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Q 











(1) (2) (3) 
—— ] = A — 

(i) The direction of flow of current I in wire 
(3), is such that the net force, on wire (1), 
due to the other two wires, is zero. 

(ii) By reversing the direction of I, the net force, 
on wire (2), due to the other two wires, 
becomes zero. What will be the directions 
of current I, in the two cases? Also obtain 
the relation between the magnitudes of 
currents L, I, and I. (Comptt. Delhi) 

Ans. 


>x< 


0 @ 8 Z 


a— A< 1 —e 


(1) Net force experienced by wire (1) can be zero 
only, when the current in wire (3) flows along 


— J i.e. downwards, it means that the forces 
acting on wire (1) due to wire (3) and wire (2) 
are equal and opposite. 
Holl _ Holl 
2m(2a) 2n(a) 
(íi) When direction of current in wire (3) is 


I = 21, 


reversed then current should be along + J ie. 
upwards. 
For this case net force on wire (2) becomes 
zero, Which means that the forces due to wire 
(1) and wire (3) are equal and opposite. 
Holil _ Molol 
2na 2n(a) 
I=], = l=1,=21, 
75. A circular coil, having 100 turns of wire, of 
radius (nearly) 20 cm each, lies in the XY plane 
with its centre at the origin of co-ordinates. Find 


the magnetic field, at the point (0, 0, 20/3 cm), 
when this coil carries a current of (2) A. 
T 


(Comptt. Delhi) 
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Ans. Given : N = 100 turns, 
R = 20 cm = 20 x 10% m = 0.2 m 


i- G) 


z = 2043 cm = 2043 x 102 m = 0.243 m, 
b=? 
The plane of coil is XY plane and field point is on 
the Z-axis. 
Magnetic field on the axial point 
_ _ HolR2N 
= 3 
2(R* + 27)2 
(4r x 1077) x (=) x (0.2)7 x 100 
Tt 
= —— ~ ~ T 
2[(0.2)2 + (0.243 )2]2 
7 
a 8 x 0.04 x 107% x 100 T = 25 x 10% = 25 uT 


2 x 0.04 x 8 x 0.2 
76. Write the expression for the magnetic force 


— 
F acting on a charged particle q moving with 


velocity v in the presence of the magnetic field 
> 
B in a vector form. Show that no work is done 
and no change in the magnitude of the velocity 
of the particle is produced by this force. Hence 
define the unit of magnetic field. 

(Comptt. All India) 


— i> 


Ans. (i) The required expression is F =q(vx B) 
(ii) The magnetic force, at all instants, is, 


therefore, perpendicular to the instantaneous 


— 
direction of uv, which is also the 


—> 
instantaneous direction of displacement (ds). 


— —> 
Since, Fis perpendicular to (ds), at all 


> > 
instants, work done (= F .ds) is zero. 


There being no work done, there can be no 


— 
change in the magnitude of v. 


= > = 
From F =q(vx B), we get 


— 
| Fl = F = gvB sin 0 
(iii) ~. F=Bifq=1,0=1and@= > 


Hence, the magnetic field B, at a point 
equals one tesla if a charge of one coulomb, 
moving with a velocity of 1 m/s, along a 
direction perpendicular to the direction of 


— 
B , experiences a force of one newton. 
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77. A long straight wire, of circular cross section 
(radius = a) carries a current I which is 
uniformly distributed across the cross section of 
the wire. 

Use Ampere’s circuital law to calculate the 
magnetic field B(r), due to this wire, at a point 
distance r < a and r > a from its axis. Draw a 
graph showing the dependence of B(r) 
on r. (Comptt. All India) 


> > 
Ans. As per Ampere’s Circuital law : f B.d l = uol 


(i) Forr<a 
I, = current enclosed by Amperian 
circuital loop of radius r 


ma 2 


a 
B fdl = ol. = Hor“ 
or B= ef) = (5y 
a? \2rr 2n a? 
or Bæ r efa- 
(1) Forr >a 


fF di = pol 


B. 27r = uol 





The graph of, B(r) vs r, is as shown in the 
adjoining figure. 

78. Derive the expression for the torque T acting on 

a rectangular current loop of area A placed in a 


> > => 
uniform magnetic field B. Show that t = mx B 


—- 
where m is the magnetic moment of the current 


= > 
loop given by m=IA. (Comptt. All India) 
Ans. Refer to Q. 103 (a), Page 104-105 


79. (i) Obtain the expression for the cyclotron 


frequency. 

(ii) A deuteron and a proton are accelerated by 
the cyclotron. Can both be accelerated with 
the same oscillator frequency? Give reason 
to justify your answer. (Delhi) 
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80. 


Ans. 


81. 


Ans. 


Q 


Chapter 4 : 
(i) Expression for cyclotron frequency : The 
magnetic field provides necessary 


centripetal force needed by the charged 
particle to move in a circular path. 

m = mass of the charged particle, 

v = velocity, r = radius of the circular path 





q = charge, B = Magnetic field 
2 
= =qvB or, r = = 
q 
Frequency of revolution (v) 
1 V U 


Time period mr (21% mv / qB) 
2 42 


21mm 

Therefore, the frequency of revolution is 
independent of energy of the particle. 

The mass of the two particles, i.e. deuteron 
and proton, is different. Since cyclotron 
frequency depends inversely on the mass, 
they cannot be accelerated by the same 
oscillator frequency. 

Describe the working principle of a moving coil 
galvanometer. Why is it necessary to use (i) a 
radial magnetic field and (ii) a cylindrical soft 


(ii) 


iron core in a galvanometer? Write the 
expression for current sensitivity of the 
galvanometer. 


Can a galvanometer as such be used for 
measuring the current? Explain. (Delhi) 
Refer to Q. 111, Page 109-110 

No, the galvanometer cannot be used to measure 
current. It can only detect current but cannot 
measure as it is not calibrated. The galvanometer 
coil is likely to be damaged by currents in the 
(mA/A) range. 

An electron of mass m, revolves around a 
nucleus of charge +Ze. Show that it behaves 
like a tiny magnetic dipole. Hence prove that 
the magnetic moment associated with it is 
e = > 
L where L is the 





—> 
expressed as p=- e 
e 


orbital angular momentum of the electron. Give 
the significance of negative sign. (Delhi) 
(1) Electron, in circular motion around the 
nucleus, constitutes a current loop which 
behaves like a tiny magnetic dipole. 


Current associated with the revolving 
electron : 
P 
I= £ and 
T 
27r 
T= — 
: Q9 
—> 
ZOEN u 
2nr 
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Ans. 


83. 


Ans. 
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(a) 


(b) 


(a) 


(b) 


Vw 


(a 


(b) 


(a) 
(b) 


Magnetic moment of the loop, u = IA 


u=IA = (Zh ee) 





2Tr 2 2Me 
Orbital angular momentum of the electron, 
L = mpor 
> e? 
n Ze 


Negative sign signifies that the angular 
momentum of the revolving electron is 
opposite in direction to the magnetic 
moment associated with it. 


— 
Write the expression for the force F acting 
on a particle of mass m and charge q 


—> 
moving with velocity V in a magnetic 


field B. Under what conditions will it 
move in (i) a circular path and (ii) a helical 
path? 

Show that the kinetic energy of the particle 
moving in magnetic field remains constant. 


(Delhi) 


> > > 
B= q(v — B) 

(1) When velocity of charged particle and 
magnetic field are perpendicular to 
each other, it will move in a circular 
path. 

(ii) When velocity is neither parallel nor 
perpendicular to the magnetic field, it 
will move in helical path. 

The force experienced by the charged 
particle, is perpendicular to the 


— 
instantaneous velocity v, at all instants. 


Hence the magnetic force cannot bring any 
change in the speed of the charged particle. 
Since speed remains constant, the kinetic 
energy also stays constant. 

State Biot-Savart law and express this law 
in vector form. 

Two identical circular coils, P and Q each 


of radius R, carrying currents 1 A and /3 A 
respectively, are placed concentrically and 
perpendicular to each other lying in the XY 
and YZ planes. Find the magnitude and 
direction of the net magnetic field at the 
centre of the coils. (All India) 
Refer to Q. 106 (a), Page 107 


Given : Rp = Ro= R Ip = 14,19 s43 å 
B=? (Magnitude and direction) 
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BS uo x1 


eal (along Z-direction) 
2R 2R 


~ B = te 
2R 
Bo = Ho %3 = H0V3 (along x-direction) 
2R 2R 


2 
= 8 mt eR) = 


This net magnetic field B, is inclined to 
the field B,, at an angle 8, where 





B ° 
Bg _ Bsin® _ 49 —Hov3 /2R _ ig 
Bp  Bcos® Ug / 2R 


tan@ = V3 
0 = tan! = 60° 
84. Two identical loops P and 
O each of radius 5 cm are Q 
lying in perpendicular 
planes such that they have 
a common centre as shown P 
in the figure. Find the 
magnitude and direction of 
the net magnetic field at the common centre of 
the two coils, if they carry currents equal to 3 A 
and 4 A respectively. (All India) 
Ans. Given: Rp = Rg = R = 5 cm = 5 x 10° m 
Ip = 3A, lo = 4A 

Magnitude and direction of magnetic field (B) = ? 
We know that the field at the centre of a circular 
coil is given by 


(in XZ plane) 


g = Hol 

2R 
Field due to coil P(Bp) = — o 
2x (5x 10°) 


= 12m7 x 10% tesla ...(ii) 

[uo = 4r x 10-7] 
[to x 4 

2x (5x 107%) 
= 16m x 10° tesla ...(iii) 

Resultant Field 


Field due to coil Q(Bg) = 


= (12m x 10°)? + (16 x 10°)? 


= 4r x 10°/94+16 = 4r x 10% 25 
= 20n x 10° T = 207 uT 
For direction, 


—6 
tan @ = Be. 12rx10* _3 
Bo 16rx10 4 


0 = tan! (=) 
4 


85. State the Lorentz’s force and express it in vector 
form. Which pair of vectors are always 
perpendicular to each other? Derive the 
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expression for the force acting on a current 
carrying conductor of length L in a uniform 
magnetic field ‘B’. (Comptt. Delhi) 
Ans. Lorentz’s magnetic force is force experienced by 
a charged particle of charge “q’ moving in 


> > 
magnetic field B with velocity v. 


> > > 
Fn = q(vx B) 
> > > > 

Two pairs F,, and v and F,, and B are always 
perpendicular to each other 
Let us consider a conductor of uniform cross- 
sectional area A and length T’ having number 
density of electrons as ‘n’ 
Total force on charge carriers in the conductor, 


> > 
= [(nAL)q]v,; x B 


>> > 
But since ngAv, L =IL 


> > > 
F =I(Lx B) 
86. Define the term magnetic moment of a current 
loop. Derive an expression for the magnetic 
field at any point along the axis of a solenoid of 
length 21, and radius a, and number of terms 
per unit length n. (Comptt. Delhi) 
(i) Definition of magnetic moment : Magnetic 
moment of a current loop is equal to the 
product of current flowing in the loop and 
its area; and its direction is along area vector 
as per the right handed screw rule. 
(ii) Magnetic field for solenoid : 


Ans. 





Using Ampere’s circuital law 


>> 
$ B.dl = woah! 


> > 
m=IA 
Bh = upnhl 

=> B= pum 


87. (a) Draw the pattern of magnetic field lines for 
a circular coil carrying current. 
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Ne 
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Two identical | 
circular loops X and " 5 x an 
Y of radius R and A 
carrying the same 
current are kept in x 
perpendicular planes 
such that they have a 
common ae d at P Y 
as shown in the 
figure. Find the magnitude and direction of 
the net magnetic field at the point P due to 
the loops. (Comptt. All India) 
Pattern of magnetic field lines for a circular 
coil carrying current : 
Refer to Q. 107 (a), Page 107 
The magnetic field due to a circular coil at a 
point carrying current is given by 

uoiR? 
2(R? + x°) 


Since these two circular coils are identical 
and carrying the same current, 


[i R* _ 
2(R? + x?) 
Resultant magnetic field (Bp) 


{By +BY =B? +B? =By(1+1) = V2B 


me. 
= Le and making 45° with B, or By. 


By, = By = 


88. Define the term current sensitivity of a 
galvanometer. Write its SI unit. 


Ans. ° 


(Comptt. All India) 
Current sensitivity of a galvanometer is 
“deflection per unit current”. It is defined as 
the ratio of deflection produced in the 
galvanometer to the current flowing through 
it. 
6 NAB 


L= tai. 
5 I K 


SI unit is radian per ampere. 

89. A toroidal solenoid of mean radius 20 cm has 
4000 turns of wire wound on a ferromagnetic 
core of relative permeability 800. Calculate the 
magnetic field in the core for a current of 3A 
passing through the coil. How does the field 
change, when this core is replaced by a core of 


Bismuth? 
e Given :r = 20 cm = 20 x 102 m, N = 4000 turns, 


Ans. 


Q 


(Comptt. All India) 


u, = 800, I = 3A 
B = unl [n = number of turns per unit length 
- (800) x (4m x 107) x (| 3 
(2m x 20 x 10 5) 
= 9.6 T 
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e Since bismuth is diamagnetic, its u, < 1, 
therefore the magnetic field in the core will 
be very much reduced. 


Long Answer Type Questions (LA) 


90. (a) 


(b) 


Ans. (a) 


(b) 


(5 Marks) 


Using Biot-Savart’s law, derive an 
expression for the magnetic field at the 
centre of a circular coil of radius R, number 
of turns N, carrying current i. 

Two small identical circular coils marked 1, 
2 carry equal currents and are placed with 
their geometric axes perpendicular to each 
other as shown in the figure. Derive an 
expression for the resultant magnetic field 
at O. (Delhi) 





Consider a circular loop 

of wire of radius R 

carrying current I. The ® 
entire loop can be , 
divided into a large 
number of small current 
elements. 

According to Biot-Savart’s law, magnetic field 
due to current element ‘Idl’ at the centre O of 
a coil is 


> > 
> _ Ho GE XR) 


iB = 
An R3 
dB = Eek (+ sin 90° = 1) 
TU 


5 
The direction of d I is along the tangent, 











> > 

sodll R 

Magnetic field due to whole coil is 
Hol Hol 

B= dl or B= al 

AnR? J AnR? 

> B= Hol .2mR or B= Hot 
AnR? 2R 

In case of N number of turns 
HoNI 





2R 
Field at ‘O’ due to 15 loop is 
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B, is directed towards the centre of the loop. 
Field at ʻO’ due to 2”4 loop is 
— uoIR? 

25 NRD 
E” 
B, is directed away from the centre of the 
loop because current flows in second loop is 
anticlockwise. 


> > 
As B,1B,, so the net field at O is 


_ h2 3 T HIR 42 


uoIR? y2 
ON 

91. Draw a schematic diagram of a cyclotron. 
Explain its underlying principle and working, 
stating clearly the function of the electric and 
magnetic field applied on a charged particle. 
Deduce an expression for the period of 
revolution and show that it does not depend on 
the speed of the charged particle. (Delhi) 
Principle : When a positively charged particle is 
made to move again and again in a high 
frequency electric field, it gets accelerated and 
acquires sufficiently large amount of energy. 


In case x >> R . Ba 


Ans. 


Target 







TT g 


into the 
plane of 


paper 


1 


Hollow 
Metallic dees 





H.F. oscillator 


Cyclotron 
Working : Suppose a positive ion, say a proton, 
enters the gap between the two dees and finds 


Q 
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92. 


Ans. 


93. 


dee D, to be negative. It gets accelerated towards 
dee D,. As it enters the dee D,, it does not 
experience any electric field due to shielding 
effect of the metallic dee. The perpendicular 
magnetic field throws it into a circular path. 

At the instant the proton comes out of dee D4. It 
finds dee D, positive and dee D, negative. It now 
gets accelerated towards dee D,. It moves faster 
through dee D, describing a larger semicircle than 
before. Thus if the frequency of the applied 
voltage is kept exactly the same as the frequency 
of the revolution of the proton, then everytime the 
proton reaches the gap between the two dees, the 
electric field is reversed and proton receives a push 
and finally it acquires very high energy. This 
proton follows a spiral path. The accelerated 
proton is ejected through a window by a deflecting 
voltage and hits the target. 

Centripetal force is provided by magnetic field to 
charged particle to move in a circular back. 








2 B 
“a gvB or v= 
m 
Period of revolution, T = anr 
v 
D 2Tr ai oF Te 2T™m 
gBr qB 


Thus ‘T’ is independent of ‘v’. 


Draw a schematic sketch of a cyclotron. Explain 
briefly how it works and how it is used to 
accelerate the charged particles. 

(i) Show that time period of ions in a cyclotron 
is independent of both the speed and radius 
of circular path. 

(ii) What is resonance condition? How is it 
used to accelerate the charged particles? 

(All India) 

(i) Refer to Q. 91, Page 100 

(ii) The frequency v, of the applied voltage is 

adjusted so that the polarity of the dees is 
reversed in the same time that it takes the 
ions to complete one-half of the revolution. 
The requirement v, = v, is called the 
resonance condition. 
The phase of the supply is adjusted so that 
when the positive ions arrive at the edge of 
D,, D, is at a lower potential and the ions are 
accelerated across the gap. 

(a) Two straight long parallel conductors carry 
currents I, and I, in the same direction. 
Deduce the expression for the force per unit 
length between them. 

Depict the pattern of magnetic field lines 
around them. 
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Ans. 


95. 
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(b) A rectangular 
current carrying 
loop EFGH is 
kept in a uniform 
magnetic field as 
shown in the 
figure. 

(i) What is the direction of the magnetic 
moment of the current loop? 

(ii) When is the torque acting on the loop 
(A) maximum, (B) zero? (All India) 

(a) Refer to Q. 47, Page 87 

(b) (i) Magnetic moment will be out of the plane 

from the surface HEFG. 


(ii) Torque = Mx B 


NN 
Z 
T 
— 
O) 


= 
ee 


H G 


> > 
(A) Torque is maximum when MIIB i.e., 
when it gets rotated by 90°. 


= —> 
(B) Torque is minimum when M and B 
are at 270° to each other. 


(a) With the help of a diagram, explain the 
principle and working of a moving coil 
galvanometer. 

(b) What is the importance of a radial magnetic 
field and how is it produced? 

(c) Why is it that while using a moving coil 
galvanometer as a voltmeter a high 
resistance in series is required whereas in 
an ammeter a shunt is used? (All India) 

(a) Refer to Q. 111, Page 109-110 

(b) For radial magnetic field, sin 0 = 1, so torque 
t = NIAB. Thus when radial magnetic field is 
used, the deflection of the coil is proportional 
to the current flowing through it. Hence a 
linear scale can be used to determine the 
deflection of the coil. 

(c) A high resistance is joined in series with a 

galvanometer so that when the arrangement 
(voltmeter) is used in parallel with the 
selected section of the circuit, it should draw 
least amount of current. In case voltmeter 
draws appreciable amount of current, it will 
disturb the original value of potential 
difference by a good amount. 
To convert a galvanometer into ammeter, a 
shunt is used in parallel with it so that when 
the arrangement is joined in series, the 
maximum current flows through the shunt, 
and thus the galvanometer is saved from its 
damage, when the current is passed through 
ammeter. 

(a) Derive an expression for the force between 
two long parallel current carrying 
conductors. 
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P 
<——_—_ d —___>e PROTON 


A 


(b) Use this expression to define S.I. unit of 
current. 

(c) A long straight wire AB carries a current I. A 
proton P travels with a speed v, parallel to 
the wire, at a distance d from it in a direction 
opposite to the current as shown in the 
figure. What is the force experienced by the 
proton and what is its direction? (All India) 

(a) For (a) and (b) : Refer to Q. 47, Page 87 

(c) Force experienced by the proton, 


> > 
F = q (vx B) 
As magnetic field due to the current 
carrying wire is directed into the plane of the 
paper (8 = 90°) 
_ Hol _ Mæl 
Ome! f= rd 
Force is directed away from the current 
carrying wire or in the right direction of 
observer. 





Here q =e 


State Biot-Savart law, giving the mathematical 
expression for it. 

Use this law to derive the expression for the 
magnetic field due to a circular coil carrying 
current at a point along its axis. 

How does a circular loop carrying current 
behave as a magnet? (Delhi) 
According to Biot-Savart’s 
law, “magnetic field acting at 
a particular point due to 
current carrying element is 
proportional to the division of 
cross product of current 
element and position vector 
of point where the field is to 
be calculated from the 
current element to the cube of 
the distance between current element and the point 
where the field is to be calculated”. 


Current element 








> > 
JÈ _ Uo ldlx r JB = Ho ldlrsin® 
4n r° Att ro 
JB = Ho Idlsin® 
Att r? 


Magnetic field on the axis of circular current 
loop : 
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97. 


Ans. 


Q 
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E > > 
dB = HlAxr _, ablia 
4t r 
— . = 
= ABLr 
B= | aBsino 
Idlsinð . 
B= {Ho sin 
Att r? ? 
> > 
B= fE tF sino As sin 0 = 1 [« 7 LIdl] 
An r 
In AAOP, sin 6 = a 
; 
2na 
B= wa ae B = Fo © Tal 
At rf r At r 
Up a 2na u > 
> B= fj (dd =» B= Maly” 
Anr? J Anr? l 
Ho 
=> B= al [2na — 0 
Anr? l l 
2 
=> B= 0 a x2r = B= PxA 
Anr? Mr 
ya 
_ Hola 
= B= Se herset 
B= uola? 
WOE a 


As in a special case we may obtain the field at the 
centre of the loop. Here x = 0, and we obtain 


Hol 


= 
In a current loop, both the opposite faces behave as 
opposite poles, making it a magnetic dipole. One 
side of the current carrying coil behaves like the 
N-pole and the other side as the S-pole of a magnet. 
With the help of a labelled diagram, state the 
underlying principle of a cyclotron. Explain clearly 
how it works to accelerate the charged particles. 

Show that cyclotron frequency is independent 
of energy of the particle. Is there an upper limit 
on the energy acquired by the particle? Give 
reason. (Delhi) 
Refer to Q. 91, Page 100 

Yes, there is an upper limit. The increase in the 
kinetic energy of particles is qv. Therefore, the 
radius of their path goes on increasing each time, 
their kinetic energy increases. The lines are 
repeatedly accelerated across the dees, untill they 
have the required energy to have a radius 
approximately that of the dees. Hence, this is the 
upper limit on the energy required by the 
particles due to definite size of dees. 
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(a) State the principle of the working of a 
moving coil galvanometer, giving its 
labelled diagram. 

(b) “Increasing the current sensitivity of a 
galvanometer may not necessarily increase its 
voltage sensitivity.” Justify this statement. 

(c) Outline the necessary steps to convert a 
galvanometer of resistance Rg into an 
ammeter of a given range. (All India) 

(a) Refer to Q. 111, Page 109-110 


l l. . es 
(b) Since Vo = 2’ increase in current sensitivity 


may not necessarily increase the voltage 
sensitivity. It may be affected by the 
resistance used. 

(c) Conversion of galvanometer into ammeter: By 
just connecting a low resistance known as shunt 
in parallel to the galvanometer, it can be 
converted into an ammeter. 


Ammeter 
FS 
: {oO m Poy =I) | 
I! a B | I 


a ee ee ee a 


Let G = resistance of the galvanometer. 





I, = the current with which 
galvanometer gives full scale 
deflection. 

S = shunt resistance 

I—I1, = current through the shunt. 

As the galvanometer and shunt are 
connected in parallel, 

Potential difference across the 

galvanometer = Potential difference 

across the shunt 
I.G=(-1)S =S= ‘3 x G 


I-I, 


—> 
Write the expression for the force, F, acting 


(a) 


on a charged particle of charge ‘gq’, moving 


with a velocity v in the presence of both 


electric field E and magnetic field B. Obtain 


the condition under which the particle moves 
undeflected through the fields. 

A rectangular loop of size l x b carrying a 
steady current I is placed in a uniform 


(b 


Vw 


— 
magnetic field B. Prove tht the torque T 
s ° ° => —> 4 
acting on the loop is given by t = mxB, 


where m is the magnetic moment of the loop. 
(All India) 


WW.JEEBOOKS.IN 


Ans. (a) 


(b) 
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+ 
A charge g in an electric field E experiences 
= = 

the electric force, F, =qE 
= 
This force acts in the direction of field E and 


is independent of the velocity of the charge. 
The magnetic force experienced by the 


charge q moving with velocity V in the 
> 

magnetic field B is given by F, = q(V x B) 

This force acts perpendicular to the plane of 


5 
Vand Band depends on the velocity Vof 
the charge. 

The total force, or the Lorentz force, 
experienced by the charge q due to both 
electric and magnetic field is given by 


> > = 


F =F, +F, 


—> = —> 

F =q4(E + Y x B) 
Hence, A stationary charged particle does 
not experience any force in a magnetic field. 
Torque on a current loop in a uniform 
magnetic field. 
Let I = Current flowing through the coil 
PORS 





a,b = Sides of the coil PORS 
A = ab = area of the coil 


3 
0 = angle between the direction of Band 


= 
that of the vector N drawn normal to 
the plane of the coil. 


> > > > 
Force on side PQ,F, = I(PQx B) 
Its magnitude is F} = IaB sin (90° — 0) 
= IaB cos 0 


=> —> => = 
Force on side OR, F, = (QRx B) 
Its magnitude is F, = IbB sin 90° = IbB 


> > > > 
Force on side RS, F} = I(RSx B) 
Its magnitude is, F, = IaB sin(90° + 0) 
= JaBcos 0 


> > > > 
Force on side SP, F, = I(SP x B) 
Join 
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Its magnitude is F, = IDB sin 90° = IbB 
According to Fleming’s left hand rule, the 


= = 
forces Fjand F, act along the axis of the 


loop as shown in the figure. These forces are 
equal, opposite and collinear. So they give 


— 
rise to no net forces or torques. The forces F, 


= = = 
and F, on the sides SPand QR are equal 


and opposite but not collinear. So they form 
a couple. The perpendicular distance 
between the two forces is a sin 9. 

t = Force x perpendicular distance 
= IDB x a sin 0 

= IBA sin 0 from the axis of rotation 

t = mB sin 0 

[where m = IA = magnitude of the magnetic dipole 


moment] 

= 

t= mx B 
Explain, giving reasons, the basic difference 
in converting a galvanometer into (i) a 

voltmeter and (ii) an ammeter. 

Two long straight parallel conductors carrying 
steady currents I, and I, are separated by a 
distance ‘d’. Explain briefly, with the help of 
a suitable diagram, how the magnetic field 
due to one conductor acts on the other. Hence 
deduce the expression for the force acting 
between the two conductors. Mention the 


nature of this force. (All India) 
(1) Voltmeter is Voltmeter 
ee ee A E 
connected in | i 
$ | 
parallel withthe a, 6 R ! 
circuit element al | 
across which aes ee eae ae ee 
ere 
the potential r 


difference is intended to be measured. 

A galvanometer can be converted into a 
voltmeter by connecting a higher 
resistance in series with it. The value of 
this resistance is so adjusted that only 
current I, which produces full scale 
deflection in the galvanometer, passes 
through the galvanometer. 


V 





R= — -4G 
lg 
(ii) A galvanometer Ammeter 
can be converted n a 
into an ammeter | | 
by connecting a 
low value al © BTI 
resistance in OOS 
parallel with it. 
STEN 
I-I, 
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(b) Refer to Q. 47, Page 87 

(a) Explain briefly with the help of a labelled 
diagram, the principle and working of a 
moving coil galvanometer. 

(b) Define the term ‘current sensitivity’ of a 
galvanometer. How is it that increasing 
current sensitivity may not necessarily 
increase its voltage sensitivity? Explain. 

(Comptt. All India) 

(a) Principle and working of a moving coil 
galvanometer: Refer to Q. 111, Pages 109-110 

(b) Current sensitivity: Refer to Q. 66 (b), Page 93 

(a) State Biot-Savart law. Deduce the 
expression for the magnetic field due to a 
circular current carrying loop at a point 
lying on its axis. 

(b) Two long parallel wires carry currents I} and 
I, flowing in the same direction. When a third 
current carrying wire is placed parallel and 
coplanar in between the two, find the 
condition when the third wire would 
experience no force due to these two wires. 

(Comptt. All India) 

(a) Biot-Savart Law: 





...where [The terms have the meaning 
as shown in the figure 





The magnitude dB of the magnetic field, 


— 
due to the element d l , is given by 


ugl a, _ Holdi 


3 2 
4n r 4nr 


=% 
dB = 


> > 
(< dl and r are Lto each other) 


_ Mol d 
An (a? +17) 
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(b) 


(a) 


The direction of dB is shown by vector P Q. 


— 
dB can be resolved into two rectangular 
components, 
. 2 e . 2 
ie, dBsin ọ along the axis and dB cos ọ 


perpendicular to the axis. 

The components perpendicular to the axis of 
the loop will be equal and opposite to com- 
ponent along the axis of the loop and will 
cancel out. Their axial components will be in 
the same direction, i.e., along CP and get 
added up. 

.. Total magnetic field at point P in the direc- 

tion CP is 


B= |dBsing 
But sin ọ = * and dB = wa 
S 4t s 
_ (Ho M a 
An s2 s 
_ Ho la oe 
Be me Galt ecal s=arz+?r 
Hola 
D = Ąq——  —  —— n 
4n(a? -+ p2)3/2 g 
Uola 2na 
5) = aa 
4r(a? -+ r2)3/2 
2 
e E along CP 


Maz + r2)3/2 
The direction of this field is along the axis, in 
the sense given by the right hand (thumb) 
rule. 


The force É on the third wire due to wire 1 


— 
is directed opposite to the force fọ on the 
third wire due to wire 2. Hence, the net force 
on the third wire would become 0. 


(1) (2) (3) 


—__ 7 = e 


ri ip) 











If H £ A , Moll _ Moll 
fi h 7 2T 21> 
..Where [f] and f, are the forces per unit length 

h ñ 


Hence required condition will be \ F 
© %2 


Derive the expression for the torque on a 
rectangular current carrying loop 
suspended in a uniform magnetic field. 
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(b) A proton and a deutron having equal If loop has n turns then M=nIA 
momenta enter in a region of uniform -. t= nIAB sin 0 
magnetic field at right angle to the direction When 0 = 90° then t = nIAB 
of the field. Depict their trajectories in the When O<=0° den 1-0 
field. (Delhi) (b) Since the 
Ans. (a) Torque on a rectangular current loop in a momentum and x x x x 
uniform magnetic field: the charge on both Proton re. ' r 
Let I = current through the coil the proton and 
a, b = sides of the rectangular loop deutron are the peutron n ~- a x 
A = ab = area of the loop same, the particle F ‘ ‘ ‘ 
n = Number of turns in the loop will follow a 
B = Magnetic field circular path with radius 1 : 1. 
0 = angle between magnetic field 104. (a) Using Biot-Savart’s law, derive the 
= = expression for the magnetic field in the 
B and area vector A vector form at a point on the axis of a 


circular current loop. 
(b) What does a toroid consist of? Find out the 
expression for the magnetic field inside a 
toroid for N turns of the coil having the 
average radius r and carrying a current I. 
Show that the magnetic field in the open 
space inside and exterior to the toroid is zero. 
(All India) 
Let P be the point on the axis of a circular loop 
or coil of radius a carrying current I. The 
distance of P from the centre of loop is x. 


Ans. (a 


Ne 





Force exerted on the arm DA inward 


F =IbB ... [ce F= ILB] 
Force exerted on the arm BC outward 
F,=IDB w PeR 


Thus net force on the loop is zero 





Two equal and opposite forces form a 
couple which exerts a torque 


xX’ Y 


According to Biot-Savart’s Law, magnetic field 


Magnitude of the torque on the loop is, 
due to a small element XY (dl) at point P is 





t=F “sin6+F, “sin 0 _ Ho Idisin® 
15 25 dB = ae: ...(1) 
> > 
= (F, + F,) a E: Angle 0 between dl and r can be taken as n/ 
2 2 because radius of loop is small 


So, equation (i) can be written as 
= (IbB + IbB) “sin 0 o T 
9 Lo idl sin 9 Llp idl 

dB = — x —,+ = — > weet 
An r? Arr? a 
The perpendicular components of the 


> t= 2IbB —sin 0 
2 magnetic field due to these elements being 





= IabB sin equal and opposite cancel each other. Hence 

— JAB sin 9 the total contribution of perpendicular 

-. Magnetic moment of the current loop is, components, (i.e. dB cos 8) to the net magnetic 
M=I1A field is zero. 

On the other hand, dB sin 8 component of 

= Vib sin Oo = 4 E ki F 3 magnetic field due to each element of the coil 


or loop is directed in the same direction. 
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Therefore, magnetic field at point P due to the 
whole coil or loop is equal to the sum of dB 
sin 8 components of magnetic field due to 
each element 

i.e. B = }dB sin 8 


or B= f aBsin8 or B = Holt Sing 








4nr 
or Ba potamni fa = sates 2na 
4nr 4nr 
(a = radius of coil) 
2 
or B= + or {lana = Hol tls Ans. 
Anr~ \r 4n r 


he sin 8 = J 
$ 
= 2 2 , e Uo Ona 
But r = ya^ +x 2: = ee 377 


The right hand thumb rule can be used to find 
the direction of the field. 

A toroid is a solenoid bent to form a ring 
shape. 

Let N number of turns per unit length of 
toroid and I be current flowing in it. 


(b 


h nan 


Magnetic fir 
lines 


Amperian k 





Consider a loop (region II) of radius r passes 
through the centre of the toroid. 


Let (region II) B be magnetic field along the 
loop is 


> > 
f B.dl = uI x number of turns 


Lig IN 

B.2mr=—UIN => B= aa ...(1) 
Let (region I) B,, be magnetic field outside 
toroid in open space. Draw an amperian loop 


L, of radius r, through point Q. 


Now applying ampere’s law : f B, dl = u,NI 
lo 
As I = 0, because the circular turn current 
coming out of plane of paper is cancelled 
exactly by current going into it, so net 
I = 0, equation (i) becomes 


$B,dl = 0 n B, =0 
L 


105. (a) Draw a schematic sketch of a cyclotron. 
Explain clearly the role of crossed electric 
and magnetic field in accelerating the 
charge. Hence derive the expression for the 
kinetic energy acquired by the particles. 


Join 
@booksforcbse 
for more. 





(b) 


(a) 


(b) 


An a-particle and a proton are realeased 
from the centre of the cyclotron and made 
to accelerate. 

(i) Can both be accelerated at the same 
cyclotron frequency? Give reason to 
justify your answer. 

(ii) When they are accelerated in turn, 
which of the two will have higher 
velocity at the exit slit of the dees? 


(All India) 


Cyclotron : 
Magnetic field 
out of the paper Deflection plate 






Exit Port 


Charged 
particle 


Role of crossed electric and magnetic field in 
cyclotron : The magnetic field makes the 
charged particle to cross the gap between 
the dees again and again by making it move 
along a circular path, while the oscillating 
electric field, applied across the dees, 
accelerates the charged particle again and 
again and hence increases its K.E. 
Expression : 

If the velocity v is perpendicular to the 
magnetic field B, the magnetic force is 
perpendicular to both v and B and acts like 
a centripetal force. It has a magnitude qvB. 
Equating the two expressions for centripetal 
force, 


mv? 





= qvB, which gives v = a 
m 


where [ r is the radius of the trajecting at exit, 
equals the radius of a dee. 
Hence, the kinetic energy of the ions is 
14 _ q?B?r? 
gO om 
An a-particle is ,He* and proton is ,H! 
(i) Cyclotron frequency is given by 
1 B 
U = — = ihe. 
T 2mm 
No, both cannot be accelerated to same 
frequency because frequency depends 
upon mass and charge. 


(ii) Velocity is given by the formula v = Bar 
m 
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Velocity is also inversely proportional to 
mass and directly proportional to charge 


Hence v, = eu = par 
4m 2m 
ae 
= proton ~A 
Velocity of proton is higher than that 
a-particle. 


106. State Biot-Savart law, expressing it in the vector 


form. Use it to obtain the expression for the 
magnetic field at an axial point, distance ‘d’ 
from the centre of a circular coil of radius ‘a’ 
carrying current ‘I’. Also find the ratio of the 
magnitudes of the magnetic field of this coil at 
the centre and at an axial point for which 


d = a43. (Comptt. Delhi) 


Ans. (a) Biot-Savart law : It states that “the magnetic 
— 


field dB due to a current element dl at any 


point P 1s: 
(i) directly proportional 
to current dB œ I. n oR 
(ii) directly proportional "E 
to the length dl of the £e P 


a 
element dB œ dl. 

(iii) directly proportional 
to sin 0, where @ is 


Fi = 
the angle between dl and r, 


3 
Therefore dB œ sin 0. 


(iv) inversely proportional to the square of the 


distance r from the current element 
= I 
dB oc PEDRES 
72 
Combining (1), (ti), (iii) and (iv), we get 
5 l 
I dlsin O — gg = to I dlsin 0 
r 4n r 
uo Ud xr) 
4n á r’ 


Z 
dB œ 

en 
I, vector forms dB = 


= 
The direction of dB is perpendicular to the 


plane of the vector df and 7 given by 
Right Handed Screw Rule. 

(b) Consider a circular coil of radis r, carrying 
current I. It consists of a large number of 
small current elements of length dl. 
According to Biot-Savart law, magnetic field 
at the centre O due to current element dl is, 


Mol disin90° _ Uo Idl 


— 
dB = = 
At r2 An 2 
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Magnetic field due to 
all such current 
elements will point # 
into the plane of paper. 
Hence total field at O 

is, 





B= fab-40 | al 








I I I 
= fo ya E yxogr a Ho 
Anr? Arr 2r 
. I 
For a coil of n turns, B = =o 
r 
B (at centre) = — ...(1) 
a 


uonla? 


B at axial point = ———————> 
j 2(a2 + x2)3/2 


Given : x = a3 


B B uonla? 
axis [a2 + (a3 )2 8/2 
E uonla? _ _Bonla? 
=> Bais = a2 + 3a2)3/2 > Baris = 2(4a2)3/2 


B= Oe a ii) 
axis 2 x 64a? 2 x 64a 


Comparing equations (i) and (i), we get 








[onl 


Pete 20 = PF. Ratig 2 biri 
Baxial H onl l 
2a x 64 

(a) Draw the magnetic field lines due to a cur- 
rent carrying loop. 

(b) State using a suitable diagram, the working 
principle of a moving coil galvanometer. 
What is the function of a radial magnetic 
field and the soft iron core used in it? 

(c) For converting a galvanometer into an am- 
meter, a shunt resistance of small value is 
used in parallel, whereas in the case of a 
voltmeter a resistance of large value is used 
in series. Explain why. (Comptt. Delhi) 

(a) Magnetic field lines : 


A 








a 


(b) Moving coil galvanometer. It is a device used 
for the detection and measurement of small 
electric current. 

Principle. The working is based on the fact 
that a current carrying coil suspended in a 
magnetic field experiences a torque. 
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Construction. It consists of a coil having a 
large number of turns of insulated copper wire 
wound on a metallic frame. The coil is 
suspended by means of a phosphor-bronze 
strip and is surrounded by a horse-shoe 
magnet NS. A hair spring is attached to lower 
end of the coil. The other end of the spring is 
attached to the scale through a pointer. 


Scale 
Pointer 
Permanent magnet 
Coil 





\Soft-iron 
core 


Uniform radial magnetic field 

Working. When current is passed, say along 

ABCD, the couple acts on it. Since the plane 

remains always parallel to the magnetic field 

in all positions of the coil (radial field), the 
force on the vertical arms always remains 
perpendicular to the place of the coil. 

Let, I be the current flowing through coil, 
B be magnetic field supposed to be 
uniform and always parallel to the coil, 
A be area of the coil 

Deflecting torque acting on the coil is, 

t = nl BA sin 90° = nIBA 

Due to deflecting torque, the coil rotates and 
suspension wire gets twisted. A restoring 
torque is set up in the suspension fibre. If is 
angle through which the coil rotates and k is 
the restoring torque per unit angular twist, 
then restoring torque, T = ko 

In equilibrium, 

Deflecting torque = Restoring torque 


nAB 
I = GI 
3 





nIBA = ko >- 
or o=GIl 


.. where [G = =) 





is the galvanometer constant] 
b x I 
This provides a linear scale for the 
galvanometer. 
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Function of a radial magnetic field : Radial 
magnetic field being normal in all directions 
is formed to get maximum torque. 

Function of Soft iron core, which not only 
makes the field radial but also increases the 
strength of the magnetic field. 


(c) One uses a shunt resistance in parallel with 


the galvanometer, so that most of the current 
passes through the shunt. In the case of a 
voltmeter, a resistance of large value is used 
in series because it must draw a very small 
current, otherwise the voltage measurement 
will disturb the original set up by an amount 
which is very large. 


Deduce an expression for the frequency of 
revolution of a charged particle in a 
magnetic field and show that it is 
independent of velocity or energy of the 
particle. 

Draw a schematic sketch of a cyclotron. 
Explain, giving the essential details of its 
construction, how it is used to accelerate the 
charged particles. (All India) 
When a charged particle with charge g moves 


— 
inside a magnetic field B with velocity v, it 


experiences a force, which is given by 
> > 
F =4(V¥ X B) 


Here, v is perpendicular to B, F is the 
force on the charged particle which acts as 
the centripetal force and makes it move along 
a circular path. 


Z 





Let m be the mass of the charged particle and 
r bethe radius of the circular path 


> > mə 
g(v X FJ 


v and B are at right angles 


MY mv 
B = = ee = a oe 
l r 
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Time period of circular motion of the charged 
particle can be calculated as shown below: 


2tr 2mMmv 2T™™ 
— = => T 





T = = — 
V vBg Bg 
; 20 
Angular frequency is, ® = F 
» = 3 
m 


Therefore, the frequency of the revolution of 
the charged particle is independent of the 
velocity or the energy of the particle. 

(b) Cyclotron. Refer to Q. 91, Page 100 

109. (a) Draw a labelled diagram of a moving coil 

galvanometer. Describe briefly its principle 
and working. 

(b) Answer the following : 

(i) Why is it necessary to introduce a 
cylindrical soft iron core inside the coil 
of a galvanometer? 

(ii) Increasing the current sensitivity of a 
galvanometer may not necessarily 
increase its voltage sensitivity. Explain, 
giving reason. (All India) 

Ans. (a) Moving coil galvanometer. Refer to Q. 111, 
Page 109-110 
(b) (i) Iron core in galvanometer. The cylindrical 
soft iron core, when placed inside the coil 
of a galvanometer, makes the magnetic 
field stronger and radial in the space 
between it and pole pieces, such that 
whatever the position of the rotation of 
the coil may be, the magnetic field is 
always parallel to its plane. 
(ii) Current sensitivity and voltage 
sensitivity. Refer to Q. 66 (b), Page 93 


110. (a) State Ampere’s circuital law. Use this law to 
obtain the expression for the magnetic field 
inside an air cored toroid of average radius 
‘r, having ‘n’ turns per unit length and 
carrying a steady current I. 


(b) 





An observer to the left of a solenoid of N 
turns each of cross section area ‘A’ observes 
that a steady current I in it flows in the 
clockwise direction. Depict the magnetic 
field lines due to the solenoid specifying its 
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polarity and show that it acts as a bar magnet 
of magnetic moment m = NIA. (Delhi) 


Ans. (a) (i) Ampere’s Circuital Law. Line integral of 


magnetic field over a closed loop is equal 
to Uo times the total current passing 
through the surface enclosed by the loop. 
Alternatively 


$ B.da = Hol 


(ii) Expression for magnetic field inside 
toroid 





Let the current flowing through each 
turn of the toroid be I. The total number 
of turns equals n(2nr) where n is the 
number of turns per unit length. 
Applying Ampere’s circuital law, for the 
Amperian loop, for interior points. 


>> 
f B. dl = u (n27r]) 


= $ Bal cos = Lyn2arl 


=> Bx 2nar = uUgn2nrl = | Betula 


This is the expression for magnetic field 
inside air-cored toroid. 

(b) (i) Depiction of magnetic field for a sole- 
noid. 





(ii) The solenoid contains N loops, each car- 
rying a current I. Therefore, each loop 
acts as a magnetic dipole. The magnetic 
moment for a current I, flowing in loop 
of area (vector) A is given by, m = IA. 
The magnetic moments of all loops are 
aligned along the same direction. 
Hence, net magnetic moment equals 
NIA. 

111. Explain, using a labelled diagram, the principle 
and working of a moving coil galvanometer. 
(a) What is the function of (i) uniform radial 
magnetic field, (ii) soft iron core? 
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(b) Define the terms (i) current sensitivity and 
(ii) voltage sensitivity of a galvanometer. 
Why does increasing the current sensitivity 
not necessarily increase voltage sensitivity? 

(All India) 
Ans. Principle : “If a current carrying coil is freely 
suspended/pivoted in a uniform magnetic field, it 
experiences a deflecting torque.” 
Working : As the pivoted coil is placed in a radial 
magnetic field, hence on passing current I 
through it, a deflecting torque acts on the coil 
which is given by, 
t = NAIB 


...where| N = total number of turns in the coil, 

A = areaof coil, B = magnetic field. 
The spring S, attached to the coil provides the 
counter torque and in equilibrium state balances 
the deflecting torque. If is steady angular 


deflection then counter torque is kọ. 
...where [k = torsional constant of the spring 


Scale 








core Pivot 


Uniform radial magnetic field 


In equilibrium state, 


NAIB = kọ = o= (A) 


k 
Thus, deflection is directly proportional to the 
current flowing in the coil. 

(a) (i) Uniform radial magnetic field. It keeps 
the magnetic field line normal to the area 
vector of the coil. 

(ii) Soft iron core in galvanometer. The 
cylindrical soft iron core, when placed 
inside the coil of a galvanometer, makes 
the magnetic field stronger and radial in 
the space between it and pole pieces, 
such that whatever the position of the 
rotation of the coil may be, the magnetic 
field is always parallel to its plane. 


Current sensitivity is defined as the 
deflection produced in the galvanometer 


(b) (i) 
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112. 


Ans. 


(a) 


(b) 


(a) 
(b) 


when unit current is passed through its coil. 


I = ° = me radian/ampere or division Av! 


n= Number of turns in the galvanometer. 
...where| k = Restoring couple per unit twist or 
torsional constant. 

(ii) Voltage sensitivity is defined as the 
deflection produced in the galvanometer 
when unit voltage is applied across the 
coil of the galvanometer. 


V, = ? = (=) Xa radian/volt or div. V~! 


...where [R = Resistance of the coil 
; I 
Since V, = R’ 
does not necessarily increase the voltage 
sensitivity. It may be affected by the 
resistance used. 
Write, using Pipik Savati an the expression 


increase in current sensitivity 


for the magnetic field B due to an element 
=> > 

dl carrying current I ata distance r from it 
in a vector form. 

Hence derive the expression for the magnetic 
field due to a current carrying loop of radius 
R at a point P distant x from its centre along 
the axis of the loop. 

Explain how Biot-Savart law enables one to 
express the Ampere’s circuital law in the 
integral form, viz., 


{Bai = WI 


...where [I is the total current passing 
through the surface. 


(All India) 
Refer to Q. 96, Page 101 
Biot-Savart law can be expressed as 
Ampere’s Circuital law by considering the 
surface to be made up of a large number of 
loops. The sum of the tangential components 
of the magnetic field multiplied by the length 
of all such elements leads to integral. 
Ampere’s circuital law states that this 
integral is equal to uọ times the total current 
passing through that surface, i.e., 


$ Baal = Hy I 
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QUICK REVISION OF THE CHAPTER 


1. Bar magnet. When a bar magnet is freely suspended, its poles point approximately towards the geographic north and south 
poles respectively. 
2. Magnetic field lines: 


(1) The magnetic field lines of a magnet are imaginary lines making closed continuous loop. 
— 


(ii) The tangent to the field line at a given point represents the direction of the net magnetic field B at that point. 


3. Magnetic flux () 
4. Magnetic moment (M) 


—_- 
5. Magnetic field due to a bar magnet. Consider a bar magnet of size l and magnetic moment M, at a distance r from its mid- 


— 
point, where r >> l, the magnetic field B due to this bar magnet is, 


> 2M po M 
= ae ae ...(along axis) 


M 
s 20 ... (along equator) 
Anr? 


6. Gauss’s law for magnetism. The net magnetic flux through any closed surface is zero 


wL 





> — 
þh =2B.AS =0 
> > > 
1 B, | tl = MB sin 9 


: ; . GE we 
7. Torque on a dipole in vector form is given by | t |= M. 


> > 
8. Potential energy of a magnetic dipole is given by U = - M.B =-MB cos 8 
9. The Dipole Analog 


S. No. C Electrostatics Magnetism 





Ive, Ho 
= RE 
| 1. | Dipole moment p M 
=“ = 
| 2. | Equatorial field for a short dipole — p /Ane yr | -u M /4n7° 
= = 
| 3. | Axial field for a short dipole 2 p IATE U2 M /4nre 
— 
| 4. | External field : Torque px E Mx B 
— 
5. | External field : Energy — p , E — M. B 


10. Elements of earth’s magnetic field. The physical quantities which describe the earth’s magnetic field are called elements of 
earth’s magnetism. 
These three quantities are (i) the horizontal component (ii) the magnetic declination and (iii) the magnetic dip. 
11. Horizontal component of earth’s magnetic field. If B is intensity of the earth’s total magnetic field and B,, and By, are the 
horizontal and vertical components of the earth’s magnetic field respectively, then 
B4 = B cos 6 and By = B sin ò 


Such that B = (By + ji ...where [ò be the magnetic dip] 


12. Magnetic declination. It is the angle between the geographic meridian and the magnetic meridian at a place on the earth. It 
is denoted by 9. 

13. Magnetic inclination (dip). It is the angle between the direction of the intensity of the total earth’s magnetic field and the 
horizontal. It is denoted by 6. 
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. Magnetic intensity. The magnetic intensity is given by 


5 Bo or a 
H s= ...where [Bọ is an external magnetic field] 
Ho 


> > —> > — 
. Relation between B, Hand M. Let M be the magnetisation of the material in its dipole moment per unit volume and H be 


— 
the magnetic intensity, then the magnetic field B in the material is 
— 


> > 
B =u, (H + M) 
. Magnetic permeability. The magnetic permeability of a material is defined as the ratio of the magnetic induction (B) of the 


material to the strength of magnetic field (H). It is given by u = = 


H 
The SI unit of u is T,, A? 


If uo is the absolute permeability of free space, then u, = ee 
u 


. Magnetic susceptibility. It is defined as the ratio of the intensity of magnetisation (I) and the strength of the magnetic field (H). 
a I 
It is given by x,,, = = 


It has no unit. 


Recatious: (i) U = ley) (ii) VEE E 


. Magnetic materials. Magnetic materials are classified into three categories as diamagnetic, paramagnetic and ferromagnetic 
materials. 


(1) For diamagnetic materials X is negative and small. 
(ii) For paramagnetic materials X is positive and small. 
(iii) For ferromagnetic materials, % is positive and large. 


. Curie law. It states that “magnetic susceptibility of a paramagnetic substance is inversely proportional to the absolute 
temperature T.” 


1l 
A => Xn T = Constant 


hig 


UNITS USED 


Magnetic flux [6] M!L2T-2A-1 1 Weber = 108 maxwell 
Magnetic Field density [B] M!L°T-2A-1 
M!L2T-3A-! 


1 Tesla = 104 gauss 
Magnetic permeability [u] 1 henry m7! = 9 x 10° Stat henry cm7! 


Magnetic intensity [H] 


M°L7T°A! 
M°L-!T°A! 


M°L°T°A! 1 ampere turn = 3 x 10° stat ampere turn 


Magnetic moment [M] 


MeL TSA! | 1 ampere turn per metre = 47 x 10° orsted 
| 1 Am? = 3 x 10! stat ampere cm~? 


| | 

| | | 
| | | 
| Pole strength [m] | M°L!T°A! 1 Am = 3 x 10!! stat ampere cm 
| | 

| | | 
| | 


Intensity of magnetisation [I] 1 Am“! = 3 x 10’ stat ampere cm! 


a | eee 


Magnetomotive force [Fm] 
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Ans. 
. The susceptibility of a magnetic material is 1.9 x 


Ans. 
. The susceptibility of a magnetic material is — 4.2 


Ans. 
. Where on the surface of Earth is the angle of dip 


Ans. 


Ans. 
. Where on the surface of Earth is the vertical 


Ans. 


Ans. 


Ans. 


Q 


. The 
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Previous Years’ CBSE Examination Questions 
Very Short Answer Type Questions (VSA) 


(1 Mark) 


. The permeability of a magnetic material is 


0.9983. Name the type of magnetic materials it 
represents. (Delhi) 
It represents diamagnetic materials. 


10°. Name the type of magnetic materials it 
represents. (Delhi) 
It represents Paramagnetic substance. 


x 10%. Name the type of magnetic materials it 
represents. (Delhi) 
It represents diamagnetic substances. 


90°? (All India) 
At the magnetic poles, the angle of dip is 90° on 
the surface of Earth. 


. Where on the surface of Earth is the angle of dip 


(All India) 
At the magnetic equator, the angle of dip is 0°. 


zero? 


component of Earth’s magnetic field zero? 

(All India) 
At the Magnetic equator the vertical component of 
Earth’s magnetic field is zero. 


horizontal component of the earth’s 
magnetic field at a place is B and angle of dip is 
60°. What is the value of vertical component of 
earth’s magnetic field at equator? (Delhi) 
B,, = B cos 6 By = B sin 6 


By = By tan 6 = B tan 60° = B x J3 =J/3B 
At equator, By, = 0 (zero) 


. Current flows through a circular loop. Depict 


the north and south pole of its equivalent mag- 
netic dipole. (Comptt. Delhi) 
Direction of the magnetic field lines is given by 
right hand thumb rule. 


North BHR 


Ha South 





Magnetic field lines 
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9. 


Ans. 


10. 


Ans. 


11. 


Ans. 
12. 


Ans. 
13. 


Ans. 


14. 


Ans. 


15: 


Ans. 


16. 


Ans. 


17. 


Ans. 


A straight wire extending from east to west falls 
with a speed v at right angles to the horizontal 
component of the Earth’s magnetic field. Which 
end of the wire would be at the higher electrical 
potential and why? (Comptt. Delhi) 
West end of the wire must be at higher electric 
potential. According to Fleming’s Right Hand rule, 
“the direction of induced emf is from West to East”. 


What are permanent magnets? Give one example. 
(Delhi) 
Substances which at room temperature retain their 
ferromagnetic property for a long period of time 
are called permanent magnets. 
Example : Steel, alinco 
Which of the following substances are 
diamagnetic? 
Bi, Al, Na, Cu, Ca and Ni 
Bi and Cu 
Which of the following substances are para- 
magnetic ? 
Bi, Al, Cu, Ca, Pb, Ni 
Al and Ca are para-magnetic. 
Is the steady electric current the only source of 
magnetic field? Justify your answer. 
(Comptt. Delhi) 
No. Steady current is not the only source of mag- 
netic field. Magnets are also source of magnetic field. 
Unsteady current will also be source of varying 
magnetic field. 
Where on the surface of Earth is the vertical com- 
ponent of Earth’s magnetic field zero? 
(Comptt. Delhi) 
At the Equator the vertical component of the Earth’s 
magnetic field is zero. 
Where on the surface of Earth is the horizontal 
component of Earth’s magnetic field zero? 
(Comptt. Delhi) 
At poles of Earth the horizontal component of 
Earth’s magnetic field is zero. 
Where on the surface of Earth is the Earth’s 
magnetic field perpendicular to the surface of 
the Earth? (Comptt. Delhi) 
At poles of the Earth. The Earth’s magnetic field 
is perpendicular to the surface of the Earth. 


(Delhi) 


(Delhi) 


The motion of copper plate is damped when it 
is allowed to oscillate between the two poles of 
a magnet. What is the cause of this damping? 

(All India) 
The cause of this damping is eddy current. 
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18. Relative permeability of a material, u, = 0.5. 
Identify the nature of the magnetic material and 
write its relation to magnetic susceptibility. 

(Comptt. Delhi) 
Ans. (i) Diamagnetic material 
(ii) u, =1 +X, 

19. Relative permeability of a material u, = 400. 

Identify the nature of the magnetic material 
(Comptt. Delhi) 
Ans. It is Ferromagnetic. 

20. Relative permeability (u, ) of a material has a 
value lying 1 < u, < 1 + € (where € is a small 
quantity). Identify the nature of the magnetic 
material. (Comptt. Delhi) 


Ans. Substance : Paramagnetic 


21. In what way is the behaviour of a diamagnetic 
material different from that of a paramagnetic, 
when kept in an external magnetic field? 

(All India) 

(1) A diamagnetic specimen would move 
towards the weaker region of the field; while 
a paramagnetic specimen would move 
towards the stronger region. 

(ii) A diamagnetic specimen is repelled by a 
magnet while a paramagnetic specimen 
moves towards the magnet. 

(iii) The paramagnetic gets aligned along the field 
and the diamagnetic perpendicular to the field. 


Ans. 


22. At a place, the horizontal component of earth’s 
magnetic field is B and angle of dip is 60°. What 
is the value of horizontal component of the 


earth’s magnetic field at the equator? (Delhi) 
Ans. By = Bg cos ò ~ 4B,=B (Given) 
B = B; cos 60° => B = B; X : > B, = 2B 
At equator, 6 = 0° z By = 2B (cos 0) = 2B (1) 

= 2B 

Short Answer Type Questions-! (SA-1) 
(2 Marks) 


23. Define magnetic susceptibility of a material. 
Name two elements, one having positive 
susceptibility and the other having negative 
susceptibility. What does negative susceptibility 
signify? (Delhi) 
(i) Magnetic susceptibility (y,,) : It is the 
property of a material which determines 
how easily it can be magnetised when kept 

in a magnetising field. 


Ans. 
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Also, it is the ratio of intensity of 
magnetisation (I) produced in the material 
to the intensity of magnetising field (H) 


> I 
Ai = H 
(ii) Positive susceptibility : para-magnetic 


material 
Example: Al, Ca. 
Negative susceptibility : diamagnetic 
material 
Example: Bi, Cu. 

(iii) Negative susceptibility signifies that the 
material is diamagnetic in nature. 


24. The figure shows the , 
variation of intensity of B 
magnetisation versus the A 


applied magnetic field 
intensity, H, for two magnetic 
materials A and B : 
(a) Identify the materials A and B. 
(b) Why does the material B, has a larger sus- 
ceptibility than A, for a given field at con- 
stant temperature? (All India) 


I 
Ans. (a) AS Xx, = 7 
Slope of the line gives magnetic susce- 
ptibilities. 
For magnetic material B, it is giving higher 
+ve value. 


So material is ‘ferromagnetic’. 

For magnetic material A, it is giving lesser 
+ve value than ‘B’. 

So material is ‘paramagnetic’. 

(b) Larger susceptibility is due to characteristic 
‘domain structure’. More number of mag- 
netic moments get aligned in the direction of 
magnetising field in comparision to that for 
paramagnetic materials for the same value of 
magnetising field. 


25. (i) Write two characteristics of a material used 
for making permanent magnets. 

(ii) Why is core of an electromagnet made of 
ferromagnetic materials? (Delhi) 

(i) Two characteristics of a material used for making 
permanent magnets are : 

(a) High retentivity so that it produces a 
strong magnetic field. 

(b) High coercivity so that its magnetisation 
is not destroyed by strong magnetic 
fields, temperature variations or minor 
mechanical damage. 

(ii) The core of electromagnet is made of 
ferromagnetic materials because they have 
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Ans. 


26. 


Ans. 


27. 


Ans. 


28. 


Ans. 


29. 


Ans. 


high initial permeability so that 
magnetisation is large even for a small 
magnetising field and low resistivity to 
reduce losses due to eddy currents. 
Draw magnetic field lines when a (i) diamagnetic, 
(ii) paramagnetic substance is placed in an external 
magnetic field. Which magnetic property 
distinguishes this behaviour of the field lines due 


to the two substances? (Delhi) 
(i) When a diamagnetic 
material is placed inan yN S 
external magnetic field. 
(ii) When a paramagnetic , , 
Diamagnetic 


material is placed in an 
external magnetic field. 
Magnetic susceptibility 
distinguishes this 





S 





i 


m~~ 











behaviour of the field > — 3—4 
lines due to the two Paramagnetic 


substances. 


A magnetic needle free to rotate in a vertical 
plane parallel to the magnetic meridian has its 
north tip down at 60° with the horizontal. The 
horizontal component of the earth’s magnetic 
field at the place is known to be 0.4 G. 








Determine the magnitude of the earth’s 
magnetic field at the place. (Delhi) 
Given : ð = 60°, H = 0.4 G, REW 
As H = R cos 6 
R= = e n R= 4 =08G 
cos cos 60° 1 


The susceptibility of a magnetic material is — 2.6 
x 10. Identify the type of magnetic material 


and state its two properties. (Delhi) 
Magnetic material is diamagnetic, because 
susceptibility of a magnetic material is in 
negative. 


Properties are : 

(i) In a non-uniform magnetic field, it tends to 
move slowly from stronger to weaker parts 
of the field. 

(ii) A freely suspended diamagnetic rod aligns 
itself perpendicular to the field. 

(iii) They expel magnetic field lines. 

(iv) Such substances are repelled by a magnet. 
[any two] 

The susceptibility of a magnetic material is 2.6 x 

10°. Identify the type of magnetic material and 

state its two properties. (Delhi) 

The material is paramagnetic. 

Its two properties are : 

(i) They are feebly attracted by magnets. 
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30. 


Ans. 


31. 


Ans. 


52. 


Ans. 


33. 
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(ii) In a non-uniform magnetic field, they tend to 
move slowly from weaker to stronger parts 
of the field. 

The relative magnetic permeability of a 

magnetic material is 800. Identify the nature of 

magnetic material and state its two properties. 
(Delhi) 

Substance is ferromagnetic. 

Its properties are : 

(i) They are strongly attracted by magnets. 

(ii) In a non-uniform magnetic field, they tend to 
move quickly from weaker to stronger parts 
of the field. 

A circular coil of N turns and radius R carries a 
current I. It is unwound and rewound to make 
another coil of radius R/2, current I remaining 
the same. Calculate the ratio of the magnetic 
moments of the new coil and the original coil. 
(All India) 
Magnetic moment N,.2nR = N,.20(R/2) 
= NIA = NInr’ N, = 2N, 
When radius of another coil = R/2 
Then Magnetic moment of new coil 





2 2 
= Naxx] = NI x mo 
2 4 


Magnetic moment of new coil 
Magnetic moment of original coil 


_ 2NI xnR?/4 _ 1 <. Ratio=1:2 
Nil x mR? y) 
A circular coil of N turns and diameter ‘d’ carries 
a current ‘I’. It is unwound and rewound to 
make another coil of diameter ‘2d’, current ‘I’ 
remaining the same. Calculate the ratio of the 
magnetic moments of the new coil and the 
original coil. (All India) 
Magnetic moment of the coil is given by M = NIA 


where [A = ir] 
2 


d 
1%t case : M} = Nin—-, 
g2 
2nd case : M, = N,In=— 
But as given, I® coil is rewound to make new coil. 
So, N (27r) = N,(2mr,) or N,d, = Nd, 
from given condition d, = 2d, 
= N,d, = N,(2d,) = N, = 2N, 
Ratio of M} and M, will be, 
M, _ Nid N _ 2Ngoxd _ 2_1 
Mo Nyd? M N24} 4 2 
M, : M, =1:2 
How does a diamagnetic material behave 
when it is cooled to very low temperatures? 
(b) Why does a paramagnetic sample display 
greater magnetisation when cooled? Explain. 
(Comptt. Delhi) 
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Ans. 


34. 


Ans. 


35. 


Ans. 


36. 


Ans. 


37. 


Shiv Das Chapterwise Question Bank (Physics XII) 


(a) When diamagnetic material is cooled to very 
low temperature then it exhibits both perfect 
conductivity and perfect diamagnetism. 

(b) This is because at lower temperature, the 
tendency to disrupt the alignment of dipoles 
(due to magnetising field) decreases on account 
of reduced random thermal motion. 

State two characteristic properties distinguishing 
the behaviour of paramagnetic and diamagnetic 
materials. (Comptt. All India) 


Paramagnetic 


(1)| Susceptibility is small 
and positive, 1.e., 0<¥,, 
< £ (where € is a small 
number) for paramag- 
netic. 







Susceptibility is small 
and negative, te, -13 
1, < 0 for diamag- 
netic. 


Diamagnetic materi- 
als are feebly repelled 
by magnets. 


(ii)| Paramagnetic materials 
are feebly attracted by 


magnets. 


State two characteristic properties distinguish- 
ing the behaviour of diamagnetic and ferromag- 
netic materials. (Comptt. All India) 


Diamagnetic Ferromagnetic 
material material 
(i) Relative magnetic | Relative magnetic per- 


meability of ferro- 
magnetic materials is 
very large 

(= 10° to 102), 

The susceptibility of 
ferromagnetic materi- 
als is very large. 


Ka l 


permeability of dia- 
magnetic substances is 
always less than unity, 
e uUe E 
(ii) The susceptibility of 
cll 2) lig, Gl e ene 
substances has a small 
-ve value : 
yO 





Write two characteristic properties each to select 
materials suitable for (i) permanent magnets and 
(ii) electromagnets. (Comptt. All India) 
Properties of a material— 
(a) For making a permanent magnet: 
(i) High retentivity 
(ii) High coercivity 
(iii) High permeability 
(b) For making an electromagnet: 
(i) High permeability 
(71) Low retentivity 
(iii) Low coercivity 


A coil of ‘N’ turns and radius ‘R’ carries a cur- 
rent ‘I’. It is unwound and rewound to make a 
square coil of side ‘a’ having same number of 
turns (N). Keeping the current ‘I’ same, find the 
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Ans. 


38. 


Ans. 


ratio of the magnetic moments of the square coil 
and the circular coil. (Comptt. Delhi) 
Magnetic moment due to a circular coil, 

NIA = NI (TR?) sel1) 
Magnetic moment due to square coil, 


2 
NIA = NI (=) 


Circumference of a circle of radius is 2nR, 
which makes 4 sides of a square 


Hence one side of a square = ans = 
NI(n7R*) 
M 
(M) cir NI(zR ) 
= m_ 314 _ 32 _4 = 4:5 [. 3.14 =3.2 
4 4 40 5 


Depict the behaviour of magnetic field lines 
when (i) a diamagnetic material and (ii) a para- 
magnetic material is placed in an external mag- 
netic field. Mention briefly the properties of 
these materials which explain this distinguish- 
ing behaviour. (Comptt. All India) 
Diamagnetic materials. Diamagnetic materials 
are those which have tendency to move from 
stronger to the weaker part of the external mag- 
netic field. 

Examples. Bismuth, copper, lead and silicon. 
Properties: 

(i) When a rod of diamagnetic material is sus- 
pended inside a magnetic field, it slowly 
sets itself at right angles to the direction of 
field. 

(ii) When a diamagnetic material is placed 
inside a magnetic field, the magnetic field 
lines become slightly less dense in the 
diamagnetic material. 


(iii) For diamagnetic material : 
=LSy, = 0; sums = Hy 


x is magnetic susceptibility, u, is relative magnetic 


where Ferme and uy is permeability in vacuum. 


Paramagnetic materials. Paramagnetic materials 
are those which get weakly magnetised when 
placed in an external magnetic field. They have 
tendency to move from a region of weak 
magnetic field to strong magnetic field. 
Examples. Aluminium, sodium, calcium and 
oxygen. 
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Properties : 

(i) When a rod of paramagnetic material is 
suspended inside a magnetic field, it slowly 
sets itself parallel to the direction of the 
magnetic field. 

(ii) When a paramagnetic material is placed 
inside a magnetic field, the magnetic field 
lines become slightly more dense in the 
paramagnetic material. 


itt) The magnetic susceptibility ‘y,,’ of a 
8 p Y Xm 
paramagnetic material has a small positive 
value, ie. O<y,, <€. 


39. Out of the two magnetic materials, ‘A’ has 
relative permeability slightly greater than unity 
while ‘B’ has less than unity. Identify the nature 
of the materials ‘A’ and ‘B’. Will their 
susceptibilities be positive or negative? (Delhi) 

Ans. ‘A’ is paramagnetic 
‘B’ is diamagnetic 


Ans. 


42 


Ans 
43 


The susceptibility of material ‘A’ is positive while | Ans 
of ‘B’ is negative. 
40. Show diagrammmatically the behaviour of 
magnetic field lines in the presence of 
(i) paramagnetic and 
(ii) diamagnetic substances. 
How does one explain this distinguishing 
feature? (All India) 
Ans. (i) Paramagnetic substance 
(ii) Diamagnetic substance 
a 
Doo 
The range of relative magnetic permeability (u,) 
of paramagnetic substance is u, > 1 
while for diamagnetic substance, it is u, < 1. 
41. (a) How is an electromagnet different from a 
permanent magnet? 
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(b) Write two properties of a material which 
make it suitable for making electromagnets. 
(Comptt. All India) 
(a) A permanent magnet is prepared from a 
ferromagnetic material, which retains 
magnetic properties for a long time at room 
temperature while 
e an electromagnet consists of a core made of 
a ferromagnetic material placed inside a 
solenoid. It behaves like a permanent magnet 
as long as a current flows through it. 
(b) Properties of material : 
(i) high permeability 
(ii) low retentivity 


(iii) low coercivity (any two) 


. Write two properties of a material suitable for 
making (a) a permanent magnet, and (b) an 
electromagnet. (All India) 

. Refer to Q. 36, Page 116 

. Depict the behaviour of magnetic field lines 
near (i) diamagnetic and (ii) paramagnetic 
substances. Justify, giving reasons. 

(Comptt. Delhi) 

. Behaviour of magnetic lines of force near 

(i) diamagnetic substances 


= 


(ii) paramagnetic substances 


Justification : The field lines are repelled or 
expelled and the field inside the material is 
reduced near diamagnetic substances. 

In the presence of magnetic field, the individual 
atomic dipoles can get aligned in the direction of 
the applied magnetic field. Therefore, field lines 
get concentrated inside the material and the field 
inside is enhanced near paramagnetic substances. 
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ELECTROMAGNETIC INDUCTION 
AND ALTERNATING CURRENTS 


6. Electromagnetic Induction 


QUICK REVISION OF THE CHAPTER 


1. Magnetic flux. The number of magnetic field lines crossing a surface normally is called magnetic flux (o) linked with the surface. 
> > = — 
ò = B.A =BAcos 0 where [0 is the angle between magnetic field B and surface area A.] 
The SI unit of magnetic flux is Weber (Wb). 
. Faraday’s law of induction. It states “that the emf induced in a coil of N turns is directly related to the rate of change of flux through 
it.” 


dy Dp is the flux linked with one turn of the coil. If the 
es-N —B where |... . E a 
dt circuit is closed, a current I = R Í set up in it. 


. Lenz’s law. It states “that the induced current produced in a circuit always flows in such a direction that it opposes the change 
or the cause that produces it.” It is used to find the direction of the induced current. 


. Motionalelectromotive force.Whenaconductor oflength lis placed normal to auniform magnetic field Band moved witha velocity 
v perpendicular to the field, the induced emf (motional emf) across its ends is, e = Blv 


. Eddy currents. The currents induced in the body of a conductor, when the magnetic flux linked with the conductor changes, 
are called eddy currents or Focault’s currents. 
The direction of eddy currents can be found by using Lenz’s law or Fleming’s right hand rule. 

. Inductance. It is the ratio of the flux-linkage to current. It is equal to ZE, It is a scalar quantity. The SI unit of inductance 
is henry. 

. Mutual inductance. The mutual inductance of two coils is numerically equal to the induced emf produced in one coil, when 
the rate of change of current is unit in the other coil. 

dl 

dt 


. Mutual inductance of long solenoids. It is given by 


€, =-M 


M =- ae ies lis the length of solenoid 
~ Be Bol nh n, n, are the number of turns of two coils. 
lis the length of solenoid 


M = pnm lA where| n,, n, are the number of turns of two coils. 





118 $hiv Das Chapterwise Question Bank (Physics XII) 


rhe WWW.JEEBOOKS.IN 
@booksforchse WW.JEEBOOKS.IN 





for more. 


Chapter 6 : ELECTROMAGNETIC INDUCTION 119 


. Self inductance. The self inductance of a coil is numerically equal to the induced emf produced in the coil, when the rate of 
change of current in the coil is unit 


e=-L ae where [L is the self-inductance of the coil and its SI unit is henry.] 


. Self inductance of a long solenoid. The self inductance of a long solenoid, the core of which consists of a magnetic material 
of permeability u, is given by 


A is the area of the cross-section of the solenoid 
Let ya! where | / is length 
nis the number of turns per unit length. 


. Magnetic energy stored in a solenoid. The magnetic energy stored in a solenoid placed in magnetic field B, area A and length 
lis, 


U, = —— Bal 


20 


. A.C. generator. Alternating current (a.c.) generator is a device used to obtain a supply of alternating emf by converting 
mechanical energy into electrical energy. It is based on the principle of electromagnetic induction. The instantaneous value of 
emf is 


N is number of turns of the coil, 
e = NBAo sin wt where | A is the area of coil, 
œ is angular frequency of rotation of the coil inside a magnetic field strength B 


UNITS USED 


Physical quantity 


Magnetic flux Wb (Weber) [ML2T-2A-}] 
emf V (Volt) [ML2T-3A-1] 
Mutual inductance H (Henry) IMLeT A+] 
Self inductance H (Henry) [ 2] 
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Ans. 


Ans. 


Ans. 


Ans. 


Ans. 


. Predict 


Shiv Das Chapterwise Question Bank (Physics XII) 


Previous Years’ CBSE Examination Questions 
Very Short Answer Type Questions (VSA) 





(1 Mark) 
. A plot of magnetic flux (0) A 
versus current (I) is shown in the 
figure for two inductors A and 
B. Which of the two has larger 
value of self inductance? (Delhi) Sq > 
Since » = LI L= - = slope 


Slope of A is greater than slope of B 
" Inductor A has larger value of self inductance 
than inductor B. 


. Define self-inductance of a coil. Write its S.I. 


unit. (All India) 
Self induction is the property of a coil by virtue of 
which it opposes the growth or decay of the 
current flowing through it. 

S.I. unit of self-inductance is henry (H). 


. Two bar magnets are C 


quickly moved to- 
wards a metallic loop 
connected across 

a capacitor ‘C’ as shown in the figure. Predict the 
polarity of the capacitor. (All India) 


S| N] 


an 


s |N 
—> 


When both magnets A r 
move towards loop, B ' 
the A side plate of EE sL__N 


capacitor will be 

positive while the lower plate B is negative, 
making the induced current in a clockwise 
direction. 


. Predict the polarity of the capacitor when the 


two magnets are quickly moved in the 
directions marked by arrows. (Delhi) 


A 
oH fsa 
> e— 


Curerent in the coil will be anti-clockwise, when 
seen from the left, therefore plate A will become 
+ ve (positive) and plate B will be negative. 

the directions of 3 © 
induced currents in metal 7 
rings 1 and 2 lying in the : C) 

same plane where current I 

in the wire is increasing steadily. (Delhi) 
In metal ring 1, the induced current flows in the 
clockwise direction. 
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Ans. 
. Predict 


Ans. 


Ans. 


10. 


Ans. 


11. 


Ans. 


. Predict the 


. State Lenz’s law. 
Ans. 





In metal ring 2, the induced current flows in the 
anticlockwise direction. 
direction of O 

induced current in a metal 1 : 
ring when the ring is ; 
moved towards a straight conductor with 
constant speed v. The conductor is carrying 
current I in the direction shown in the figure. 

(Delhi) 
Clockwise direction. 
the directions of 
induced current in metal rings 3 C) 
1 and 2 when current I in the TO 
wire is steadily decreasing? 

(Delhi) 

In metal ring 1, the induced current flows in 
Anticlockwise direction. 


In metal ring 2, the induced current flows in the 
Clockwise direction. 


.A bar magnet is moved in the direction 


indicated by the arrow between two coils PQ 
and CD. Predict the directions of induced 
current in each coil. (All India) 


By Lenz’s law, the ends of both the coils closer to 
the magnet behave as south pole. Hence the 
current induced in both the coils will flow 
clockwise when seen from the magnet side. 
(Comptt. All India) 
Lenz’s law states that “the polarity of induced emf is 
such that it tends to produce a current, which opposes 
the change in magnetic flux that induced it”. 

Predict the direction , 

of the induced , 
current in the 
rectangular loop abcd 
as it is moved into the 
region of a uniform x x x x x x Xx x 





magnetic field B x x xX XXXXX 
directed normal to the plane of the loop. 
(Comptt. All India) 
The direction of the induced current in the given 
rectangular loop is anti-clockwise, t.e., cbadc. 
State Faraday’s law of electromagnetic induc- 
tion. (Comptt. All India) 
Faraday’s law states that “The magnitude of emf 
induced in a circuit is directly proportional to the rate 
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Ans. 


13. 


Ans. 


14. 


Ans. 
15. 


Ans. 


16. 


Ans. 


17. 


Ans. 


Q 


of change of magnetic flux linked with the circuit”. 
Mathematically, we can write, 


do 


oe 


...where [do is the small change in magnetic 


flux in small time dt 


How does the mutual inductance of a pair of 
coils change when 
(i) distance between the coils is increased and 
(ii) number of turns in the coils is increased 
(All India) 
(i) Mutual inductance decreases, because flux 
linked with the secondary coil decreases. 
(ii) M = Uyn,n,Al, so when n, and n, increase, 
mutual inductance (M) increases. 
A light metal disc on the top of an 
electromagnet is thrown up as the current is 
switched on. Why? Give reason. (All India) 
Because of Eddy Current 
If the upper force of the core of the electromagnet 
acquires north polarity, then according to Lenz’s 
Law, the lower face of the disc will also acquire 
north polarity. Due to the force of repulsion 
between the lower face (N-pole) of the core of the 
electromagnet, the disc jumps upto a certain 
height. 
The motion of copper plate is damped when it 
is allowed to oscillate between the two poles of 
a magnet. What do the cause of this damping? 
(All India) 
The cause of this damping is eddy current. 
The motion of copper plates is damped when it 
is allowed to oscillate between the two poles of 
a magnet. If slots are cut in the plate, how will 
the damping be affected? (All India) 
Eddy current will decrease due to which 
damping reduces. 
How does the mutual inductance of a pair of 
coils change when 
(i) distance between the coils is decreased and 
(ii) number of turns in the coils is decreased? 
(All India) 
(1) increases. 
(11) decreases, because 
M = myn, Al 
where [N, and N, are number of turns 
Predict the polarity 
of the capacitor in 


e e Ye C L AA 
the situation ECN = EN 
described in the i 
figure. 


(Comptt. Delhi) 
Refer to Q. 3, Page 120 
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Ans. 


19. 


Ans. 


20. 


Ans. 
21. 


Ans. 
22. 


Ans. 


23: 


Ans. 


24. 


Ans. 
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Two spherical bobs, one metallic and the other of 
glass, of the same size are allowed to fall freely from 
the same height above the ground. Which of the 
two would reach earlier and why? (Delhi) 
Glass bob would reach earlier because there 
would be a force acting upward due to eddy 
currents on metallic bob being conducting, due to 
earth’s magnetic field. This will slow down the 


metallic bob. 


The electric current 

flowing in a wire in 

the direction from B to 

A is decreasing. Find A B 

out the direction of the induced current in the 

metallic loop kept above the wire as shown. 
(All India) 





The direction of current in loop wire will be 

clockwise. 

A conducting loop is held 

above a current carrying (C) 

wire ‘PQ’ as shown in the ——>——>———_ 
: ; : Q 
figure. Depict the direct- 

ion of the current induced in the loop when the 
current in the wire PQ is constantly increasing. 

(All India) 

The current induced is in clockwise direction. 

A conducting loop 

is held below a ” 

current carrying C) 

wire PQ as shown. 

Predict the direction of the induced current in 
the loop when the current in the wire is 
constantly increasing. (All India) 
The current induced is in anti clockwise direction. 
A metallic piece gets hot when surrounded by 
a coil carrying high frequency alternating 
current. Why? (Comptt. Delhi) 
Due to the heating effect of eddy currents set up 
in the metallic piece. 

Predict the polarity of the 

plate A of the capacitor, 

when a magnet is moved qq ---- = 
towards it, as shown in the _ 

figure. (Comptt. All India) 

The plate 'A' has the positive polarity. 


Define the term ‘self-inductance’ of a coil. Write 
its S.I. Unit. (All India) 
The self inductance of a coil numerically equals to 
the induced emf produced in the coil, when the 
rate of change of current in the coil is unity. 
dI 
e=-L Ji 
(where L is the self inductance of the coil) 


S.I. Unit : Henry. 
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25. 


Ans. 


26. 


Ans. 


27. 


Ans. 


28. 


Ans. 


29; 


Ans. 


30. 


Shiv Das Chapterwise Question Bank (Physics XII) 


Name any two applications where eddy currents 
are used to advantage. (Comptt. Delhi) 
Applications of Eddy currents : 

(i) Electromagnetic Damping 

(ii) Magnetic Breaking 

(iii) Induction Furnace 


(iv) Electric Power metres (any two) 


A long straight current carrying wire passes 
normally through the centre of a circular loop. 
If the current through the wire increases, will 
there be an induced emf in the loop? Justify. 

(Delhi) 
No,As the magnetic field due to current carrying 
wire will be in the plane of the circular loop, so 
magnetic flux will remain zero. 


Predict the 
polarity of the 
capacitor in Eu ae 


the situation 

described in the given diagram. (All India) 
The polarity of plate ‘A’ of the given capacitor is 
positive, while that of plate ‘B’ is negative. 

A bar magnet is moved in the direction 
indicated by the arrow between two coils PQ 
and CD. Predict the direction of the induced 
current in each coil (All India) 


al al 


Induced current flows from P to Q through 


ammeter; 
while it flows from D to C through ammeter. 
metal rings 1 and 2 

when current I in the 

The direction of induced current is clockwise in 
metal ring ‘1’ and anti-clockwise in metal ring ‘2’. 
quickly moved towards the coil. 

(Comptt. All India) 


D 




















What is the direction 
fi l 
of induced currents in O i 
I 

wire is increasing QO? 
steadily? (All India) 

In the figure given, mark the polarity of plates 
A and B of a capacitor when the magnets are 
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Ans. The polarity of plate is positive; 1while that of 
plate B is negative. 


Short Answer Type Questions-I (SA-I) 
(2 Marks) 


31. Derive an expression for the self-inductance of a 
long air-cored solenoid of length I and number 
of turns N. (Delhi) 
Consider a long solenoid of length / and radius r 
with r << / and having n turns per unit length. If 
a current I flows through the coil, then the 
magnetic field inside the coil is almost constant 
and is given by 
B = unl 
Magnetic flux linked with each turn = BA = UgnIA 
...where [A = Tr? = cross-sectional area of the solenoid 
Magnetic flux linked with the entire solenoid is 
o = Flux linked with each turn x Total 
number of turns 
= UnlA x nl = un IAl 
o = LI 
Self-inductance of the long solenoid is 
BS un ?lA 
If N is the total number of turns in the solenoid 


Ans. 


But 


then n = = 


HoNŽA 
l 


L = 


32. (i) When primary coil P is moved towards 
secondary coil S (as shown in the figure) the 
galvanometer shows momentary deflection. 
What can be done to have larger deflection 


in the galvanometer with the same battery? 








S P 
ae 
G V 


(ii) State the related law. (Delhi) 
(i) To have larger deflection in the galvanometer 
with the same battery, coil P has to be moved 
faster towards S so that rate of change of 
magnetic flux is more. 
The related law governing this phenomenon 
is Faraday’s second law of electromagnetic 
induction which states that induced emf is set 
up in a circuit when magnetic flux linked 
with it changes. The magnitude of induced 
emf is proportional to the rate of change of 
magnetic flux. 
33. A coil Q is connected to low voltage bulb B and 
placed near another coil P as shown in the 
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Ans. 


(ii) 


figure. Give reasons to explain the following 


observations : 
a.c. Source 


emg] Cer 


(a) The bulb ‘B’ om 

(b) Bulb gets dimmer if the coil Q is moved 
towards left. (Delhi) 

Ans. (i) The bulb B lights on account of emf induced 
in the coil Q due to mutual induction 
between P and Q. 

(71) When coil Q is moved towards left, magnetic 
flux linked with Q decreases and may even 
reduce to zero at some distance. The emf 
induced may decrease and the bulb B gets 
dimmer. 

34. Two identical loops, one of copper and the other 
of aluminium, are rotated with the same angular 
speed in the same magnetic field. Compare 
(i) the induced emf and (ii) the current produced 
in the two coils. Justify your answer.(All India) 

Ans. (i) Induced emf in a coil is e = NBA® sin at 
As the angular speed is same, induced emf 
will also be same in both the loops. 

(ii) Current induced in a loop is I = > = n 

As the resistivity of copper is lesser, more 
amount of current is induced in it. 
35. A rectangular loop and 





x x x x x x x x 
a circular loop are oe e 
moving out of a E3 
uniform magnetic field v x k x x x U 
to a field-free region xX x x KX xX Xx 
with a constant velocity B 


‘v’ as shown in the figure. Explain in which loop 
do you expect the induced emf to be constant 
during the passage out of the field region. The 
magnetic field is normal to the loops. (All India) 

Ans. In case of rectangular loop, induced emf will be 
constant. It is because rate of change of the area of 
rectangular loop is uniform whereas that of a 
circular loop is not constant. 


36. A current is in- 
duced in coil C, 
due to the motion 
of current carry- 
ing coil C,. 

(a) Write any two ways by which a large 
deflection can be obtained in the 
galvanometer G. 

(b) Suggest an alternative device to demons- 
trate the induced current in place of a 
galvanometer. (Delhi) 
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Ans. (a) To obtain a large deflection, one or more of 


the following steps can be taken : 
(1) Use a rod made of soft iron inside the 
coil C,. 
(ii) Connect the coil to a powerful battery. 
(iii) Move the arrangement rapidly towards 
the test coil C4. 
(b) Replace the galvanometer by a small torch 
bulb. 

37. A magnet is quickly moved in the direction 
indicated by an arrow between two coils C, and 
C, as shown in the figure. What will be the 
direction of induced current in each coil as seen 
from the magnet? Justify your answer. (Delhi) 


Q Oso 





Ans. When magnet moves in given direction, induced 


current will be clockwise in both the coils as 
magnet is going away from C, and moving 
towards C, making C} as S pole and C, also as S 
pole according to Lenz rule. So C, will try to 
attract and C, will try to repel the motion of 


magnet. 
38. What are eddy currents? Write any two 
applications of eddy currents. (All India) 


Ans. Refer to Q. 69 (a), Page 131 


39. Define self-inductance of a coil. Show that 
magnetic energy required to build up the 
current I in a coil of self inductance L is given 


by + LP. (Delhi) 


Ans. The self-inductance of a coil may be defined as 


the induced emf set up in the coil due to a unit 
rate of change of current through it. 
Let I be the current through the inductor L at any 


instant t 
The current rises at the rate dI/dt, so the induced 
emf is e = — L 


Work done against the induced emf in small time 
dt is 


dW = lelldt = LE dt = LIdI 


Total work done in building up the current from 
0 to I in 


1 1 12 1 1 
W = Jaw = fad fiat =| = pur 
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40. 


Ans. 


41. 


Shiv Das Chapterwise Question Bank (Physics XII) 


This work done is stored as the magnetic field 
energy U in the inductor 


U= IL 
2 


Define mutual inductance between two long 
coaxial solenoids. Find out the expression for 
the mutual inductance of inner solenoid of 
length | having the radius r} and the number of 
turns n, per unit length due to the second outer 
solenoid of same length and n, number of turns 
per unit length. (Delhi) 
Mutual induction is the phenomenon of inducing 
emf in a coil due to the rate of change of current 
in a nearby coil. 
When a current I, is set up through S, (outer 
solenoid), it in turn sets up a magnetic flux 
through S,. Let us denote it by 6,. The 
corresponding flux linkage with solenoid $; is, 
N,o, = M,,I, ...(1) 

(Here N, is total no. of turns with S,) 
M,, is referred to as coeficient of mutual 
inductance. 





N, turns 


The flux linkage with coil 5, is, 
NiO, = (11) (ar) (UpMyl,) 
= [anor cll 
from equation (1) 
Myy = Homar "l 
Now consider reverse case 
No. = Maik; 


ei) 


a) 

(Here N, is total no. of turns with S,) 
M,, is referred to as coefficient of mutual 
inductance of solenoid S, with respect to 
solenoid $. 
Thus, flux linkage with solenoid S, is 

Nob = (Mol) (nr?) (uon) 

from equation (3), we get 

My) = ponn nr" 
Using equations (2) and (3), we get 

Mı = M,, = M 
If a medium of relative permeability u, had been 
present the mutual inductance would be 


De SUN eres tciey a 
A metallic rod of ‘L’ length is rotated with 
angular frequency of ‘@’ with one end hinged at 


(A) 
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42. 


Ans. 


the centre and the other end at the circumference 
of a circular metallic ring of radius L, about an 
axis passing through the centre and 
perpendicular to the plane of the ring. A 
constant and uniform magnetic field B parallel 
to the axis is present everywhere. Deduce the 
expression for the emf between the centre and 
the metallic ring. (Delhi) 
The magnitude of the emf, generated across a 
length dr of the rod, as it moves at right angles to 
the magnetic field, is given by 





de = Bvdr 
R R 2 
€ = fde = | Bvdr = | Bordr = LOR 
0 0 
E DO xX =: ox: & men 
x x +E im 






ZIKK X OF 
x X x x x & 
x ox u E yoe 


= = x = = x x a 


K X 


Alternatively, The potential difference across the 
resistor is equal to the induced emf and equal B x 
(rate of change of area of loop), If @ is the angle 
between the rod and the radius of the circle at P 
at time t, the area of the sector OPQ (as shown in 
the figure) is given by 

o = 1 R20 

Zu. 2 


where [R is the radius of the circle] 


e = Bx | Ro E 
dt | 2 2 dt 2 
Derive the expression for the self inductance of 
a long solenoid of cross sectional area A and 
length J, having n turns per unit length.(Delhi) 
Self-induction of a long solenoid : Consider a 
long solenoid of length / and radius r with r << l 
and having n turns per unit length. If a current I 
flows through the coil, then the magnetic field 
inside the coil is almost constant and is given by 


mr? x 





B = unl 
Magnetic flux linked with each turn, 
BA = UIA where [n = number of turns per 
unit length, I = current flowing] 
When A = mr? 


= the cross-sectional area of the solenoid 
Magnetic flux linked with the entire solenoid is, 
= UIA x nl = pọn? IAI 


But o = LI 
Self inductance of the long solenoid is, 
L = yon7Al 
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43. State Lenz’s Law. 
A metallic rod held horizontally along east-west 
direction, is allowed to fall under gravity. Will 
there be an emf induced at its ends? Justify your 
answer. (Delhi) 
Ans. Lenz’s law states that “the polarity of induced emf is 
such that it tends to produce a current, which oppose 
the change in magnetic flux that induced it”. 
Yes there will be an emf induced as the horizontal 
component of field of earth, velocity of the motion 
of the rod and the length of the rod are all 
perpendicular to each other. 
The magnetic flux due to vertical component of 
Earth’s magnetic field keeps on changing as the 
metallic rod falls down. 


44. A rectangular loop PQMN with movable arm 
PQ of length 10 cm and resistance 2 Q is placed 
in a uniform magnetic field of 0.1 T acting 
perpendicular to the plane of the loop as is 
shown in the figure. The resistances of the arms 
MN, NP and MQ are negligible. Calculate the 
(i) emf induced in the arm PQ and (ii) current 
induced in the loop when arm PQ is moved with 
velocity 20 m/s. (Comptt. Delhi) 





x 
x 
x 
x 
x 
x 
x 


Ans. (i) emf induced 
e = Blv = (0.1) x (10 x 10-7) x 20 V = 0.2 V 
r . e 0.2 
(ii) Current in the loop, i = kroa ~= 0.1 A 


45. A rectangular loop PQMN with movable arm PQ 
of length 20 cm and resistance 5 Q is placed in a 
uniform magnetic field of 0.2 T acting perpendicular 
to the plane of the loop as is shown in the figure. 


x 
x 
x 
x 
x 
x 





x 
x 
x 
x 
x 
x 
x 


The resistances of the arms MN, NP and MO are 
negligible. Calculate the (i) emf induced in the arm 
PQ and (ii) current induced in the loop when arm 
PQ is moved with velocity 15m/s (Comptt. Delhi) 


Q 
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Ans. (i) emf induced 
e = Blv = (0.2) x (20 x 102) x 15 V = 0.6 V 
7 . ; e 0.6 
(ii) Current in the loop, i = RS 0.12 A 


Short Answer Type Questions-Il (SA-ID 


(3 Marks) 


46. A metallic rod of length / is rotated at a constant 
angular speed œ, normal to a uniform magnetic 
field B. Derive an expression for the current 
induced in the rod, if the resistance of the rod 


is R. (Delhi) 
Ans. emf produced/induced across a small section (dr) 
of the rod 
de = Budr 
de = Brwdr i v = ro] 
x x x x x x x x 
r = radius 
l = length 





Î Metallic ring 


Net emf induced across the length ‘I’ of the rod 








] 
2 
€ = f Borar or e= = 
0 
If resistence of the rod is ‘R’, current induced is, 
£L Bol? 
R 2R ` 


47. An inductor 200 mH, capacitor 500 uF, resistor 10 
Q are connected in series with a 100 V variable 
frequency a.c. source. Calculate the 
(i) frequency at which the power factor of the 
circuit is unity 
(ii) current amplitude at this frequency 
(iii) Q-factor (Delhi) 
(i) Power factor will be unity at resonance, 


because then Z = R and cos ọ = — = 


f _ 1 
"Anal LC 


..Where [f, = frequency at resonance 


274/200 x 10-3 x 500 x 1076 


= —_1_ tz 


274/108 x 107? 
1 
= ———; = 0 z 
27 X10 T 
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48. 


Ans. 


49. 


Ans. 


50. 


Ans. 


Q 





Shiv Das Chapterwise Question Bank (Physics XII) 

(ii) Ip = bpa N em _ a PETEN 

R R 
(iii) Q-factor 

Q=- 1 Je 1 [200x10 

5 500 x 10% 
B 2x10 7 
5 5x104 a 

A coil of number of turns N, area A, is rotated at 


a constant angular speed @, in a uniform 
magnetic field B, and connected to a resistor R. 
Deduce expressions for : 

(i) Maximum emf induced in the coil. 
(ii) Power dissipation in the coil. 
We know that induced emf 


(Delhi) 


(i) e= = or e = = (NAB cos œt) 
e = NAB® sin œt ...where [e,,,, = NABO] 
(ii) Power dissipation, 
P= E2rms = N2A2B202 sin? wt 
R R 
Power dissipated over a complete cycle is, 
p N2B2A2@2 


2R 


(a) Define self inductance. Write its S.I. units. 
(b) Derive an expression for self inductance of 
a long solenoid of length l, cross-sectional 
area A having N number of turns. (Delhi) 
Self-inductance of a coil 

Since flux ọ = LI 


(a 


h naa 


emf induced € = — a ae 
dt dt 
where [L is coefficient of self-induction 
or self inductance] 
Self inductance is numerically equal to the 
magnetic flux linked with the coil when unit 
current passes through it. 
Its S.I. unit is henry. 
(b) Refer to Q. 31, Page 122 
(i) State Faraday’s law of electromagnetic 
induction. 
(ii) A jet plane is travelling towards west at a 
speed of 1800 km/h. What is the voltage 
difference developed between the ends of 
the wing having a span of 25 m, if the 
Earth’s magnetic field at the location has a 
magnitude of 5 x 10“ T and the dip angle is 
30°? (All India) 
First law : Whenever the magnetic flux linked 
with a closed circuit changes, an emf (and hence 
a current) is induced in it which lasts only so 
long as the change in flux is taking place. This 
phenomenon is called electromagnetic induction. 
Second law : The magnitude of the induced emf 


(i 


Ne 
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Ans. 


52. 


Ans. 
53. 


Ans. 


is equal to the rate of change of magnetic flux 
linked with the closed circuit. 
Mathematically lel = £ 
v = 1800 km/h in the west, 
= 5 x 10% tesla, 6 = 30° 
Since v, l and B are to be perpendicular to get 
induced emf, the vertical component alone 
will contribute to the induction 

By = Bp sin 6 = 5 x 10% x sin 30° 

= 2.5 x 10+ tesla 


(ii) [=25m, Bp 


The induced emf = — By ul 
3 
zanz n N yo 
3600 
== = x 10-1 = — 3.125 volt 


— ve sign signifies that the emf will oppose 
the change in magnetic flux causing it. 
State the law that gives the polarity of the 
induced emf. (All India) 
Law that gives the polarity of the induced emf is : 
Lenz’s law: “The direction of induced e.m.f. is such 
that it opposes the cause which produces it. The 
polarity of induced e.m.f. can be determined by Lenz’s 

law.” 


A metallic rod of length ‘I’ is rotated with a 
frequency v with one end hinged at the centre 
and the other end at the circumference of a 
circular metallic ring of radius r, about an axis 
passing through the centre and perpendicular to 
the plane of the ring. A constant uniform 
magnetic field B parallel to the axis is present 
every where. Using Lorentz force, explain how 
emf is induced between the centre and the 
metallic ring and hence obtain the expression 
for it. (Delhi) 
Refer to Q. 41, Page 124 

Starting from the expression for the energy 


T 


W = LI2, stored in a solenoid of self- 


inductance L to build up the current I, obtain the 
expression for the magnetic energy in terms of 
the magnetic field B, area A and length l of the 
solenoid having n number of turns per unit 
length. Hence show that the energy density is 
given by B7/2p). (Comptt. Delhi) 


Givens iW = SLP 


dl 


dt 


We know that e=-N @ Also e = -L 


From these two seule we get 
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_ Ndo/dt _ No (N =x 1) 
di/dt I 


= 
N(B* A) — N(ugnI)A 
I I 
I 


L= 


=> L= = uon?Al 


Since magnetic energy = LP = = (Hy ADE 
= Expression for magnetic energy 
: 5 (ug? PAN 


Energy 
Volume 


Energy density = 


1 pRP(AD 
2 Uo(Al) 


1 (onn? 


2 Mọ 


(V = Al) 


; B? 

Energy density Si 
54. A metallic rod of length ‘F is rotated with a 
uniform angular speed œ, with one end hinged 
at the centre and the other end at the 
circumference of a circular metallic ring of 
radius R = l, about an axis passing through the 
centre and perpendicular to the plane of the 
ring. A constant and uniform magnetic field B 
parallel to the axis is present everywhere. 
Deduce the expression for the emf induced in 


the rod. 
If r is the resistance of the rod and the metallic 
ring has negligible resistance, obtain the 


expression for the power generated. 
(Comptt. All India) 


Ans. Area swept per rotation = nR? = m? [v R=1 
Area swept in v rotation per sec = vrl? = = 
dA 
— = vrl? 
dt Y 
€ = 2 5gs ca (BA) 
dt dt 
+ e=B a => e = Byn. 
dt 
=> e=B xg? . e= İBPo 
21 2 


55. Write its SI unit for self-inductance of a coil. 
Derive the expression for self-inductance of a 
long solenoid of cross-sectional area ‘A’, length 
‘l’ having ‘n’ turns per unit length. 

(Comptt. All India 
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Coefficient of self induction. L 
Consider a coil L as shown in 
Figure. Suppose a current I al 
flows through the coil at any 

|e 


56. 


Ans. 


instant then magnetic flux © 
linked with the coil is directly 
proportional to the current passing through it at 
that instant. 

do I 
= = LI where [L is called coefficient of self induction.] 
If I=1, then O=L 
Thus, self inductance of a coil is numerically 
equal to the magnetic flux linked with the coil, 
when a unit current flows through it. 
The SI unit of self inductance is henry (H). 
Expression for self-inductance : Consider a long 
solenoid of length / and cross-sectional area A 
having n turns per unit length. 
The magnetic field due to a current flowing in 
the solenoid is B = unl 
Total flux linked with the solenoid is, 

b = (nl) (unD) A = pon? AlI 


where [nl is the total number of turns. ] 


Q 


Thus, the self inductance is, L = r 


E 


= w = Un” Al 
If we fill the inside of the solenoid with a 
material of relative permeability y, 
then, L = u, Uy n? Al 
A wheel with 8 metallic spokes each 50 cm long 
is rotated with a speed of 120 rev/min in a plane 
normal to the horizontal component of the 
Earth’s magnetic field. The Earth’s magnetic 
field at the place is 0.4 G and the angle of dip 
is 60°. Calculate the emf induced between the 
axle and the rim of the wheel. How will the 
value of emf be affected if the number of 
spokes were increased? (All India) 
If a rod of length ‘I’ rotates with angular speed œ 
in the uniform magnetic field B, 


€ = 1 Bre 
2 


In case of earth’s magnetic field By = |B,! cos 6 
and B, = |B,! sin ò 


€ = 2 |B, | cos 67a 


N 


x 0.4 x 10% cos 60° x (0.5)? x 2nv 





1 
2 
- 1 x0.4x 104x : x (0.5)2 x 2T x (a) 


60 sec 
= 10™® x 0.25 x 2 x 3.14 x 2 = 3.14 x 10> volt 
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57. 


Ans. 


58. 


Ans. 


Shiv Das Chapterwise Question Bank (Physics XII) 


The induced emf will not change with the 
increase in the number of spokes. 


Define the term ‘mutual inductance’ between 
the two coils. 
Obtain the expression for mutual inductance of 
a pair of long coaxial solenoids each of length / 
and radii r, and r, (r, >> r). Total number of 
turns in the two solenoids are N, and N, 
respectively. (All India) 
(1) Mutual inductance. The mutual inductance 

of two coils is numerically equal to the 

induced emf produced in one coil, when the 

rate of change of current is unit in the other 

coil. 

€, = Me 
dt 

(ii) Refer to Q. 70 (b), Page 132 
Define the term self-inductance of a solenoid. 
Obtain the expression for the magnetic energy 
stored in an inductor of self-inductance L to 
build up a current I through it. (All India) 
Self-inductance : emf is induced in a single isolated 
coil due to change of flux through the coil by 
means of varying the current through the same 
coil. This phenomenon is called self-induction. In 
this case, flux linkage through a coil of N turns is 
proportional to the current through the coil and is 
expressed as 

No, = I, No, = LI 
where constant of proportionality L is called self- 
inductance of the coil. It is also called the coefficient 
of self-induction of the coil. When the current is 
varied, the flux linked with the coil also changes 
and an emf is induced in the coil. Using the above 
equation the induced emf is given by 


e= aNOs) or € = Ea 
dt dt 

Thus, the self-induced emf always opposes any 
change (increase or decrease) of current in the 
coil. It is possible to calculate the self-inductance 
for circuits with simple geometries. Let us 
calculate the self-inductance of a long solenoid of 
cross-sectional area A and length /, having n turns 
per unit length. The magnetic field due to a 
current I flowing in the solenoid is B = Upnl 
(neglecting edge effects, as before). The total flux 
linked with the solenoid is 

No, = (nl) (unD) (A) = yg? AN 


where [nl is the total number of turns. 


Thus, the self-inductance is, L = r = ugn?Al 


If we fill the inside of the solenoid with a material 
of relative permeability u, (e.g. soft iron, which 


Q 
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Ans. 


has a high value of relative permiability), then 
L = u,uon?Al 

The self-inductance of the coil depends on its 
geometry and on the permeability of the medium. 
The self-induced emf is also called the back emf as 
it opposes any change in the current in a circuit. 
Physically, the self-inductance plays the role of 
inertia. It is the electromagnetic analogue of mass 
in mechanics. So, work needs to be done against 
the back emf (e) in establishing the current. This 
work done is stored as magnetic potential energy. 
For the current I at an instant in a circuit, the rate 
of work done is 


A iel 
dt 

If we ignore the resistive losses and consider only 
inductive effect, 
then using 

e= Li, W oyd 

dt dt dt 

Total amount of work done in establishing the 
current | is, 


I 
= = -irp 
W = Jaw=|LIdI=5U 
0 
Thus, the magnetic energy required to build up 


the current I is, W = LE 


(a) A rod of length / is moved horizontally with 
a uniform velocity ‘v’ in a direction 
perpendicular to its length through a region 
in which a uniform magnetic field is acting 
vertically downward. Derive the expression 
for the emf induced across the ends of the rod. 
How does one understand this motional emf 
by invoking the Lorentz force acting on the 
free charge carriers of the conductor? Explain. 

(All India) 
Induced emf in rotating metallic rod: 
Suppose a rectangular loop LMNO is placed 
in a uniform magnetic field B 


(b) 


(a) 


Xx xX X X X X 
L M 
x Ix x xX xIx 
x Ix x xI xx 
O N 
x xX Xx X X“X 


SS 


X 
Suppose at any instant, length ON = x 
Area of the loop LMNO = Ix 
Flux through the loop, ọ = Bl x 
...[° Max flux, ọ = BA] 


Induced emf, E = — ao =- Blx 
dt dt 
=-Bl us = Blv 
dt 


where 2- —v, that is the velocity of conductor MN. 
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60. Derive the expression for the magnetic energy 
stored in a solenoid in terms of magnetic field B, 
area A and length / of the solenoid carrying a 
steady current I. How does this magnetic energy 
per unit volume compare with the electrostatic 


energy density stored in a parallel plate 
(Comptt. Delhi) current flows through it. 
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(b) The induced emf produced in a rod (I) coil changes from 0 to 20 A in 0.5 s, what is 
moved with velocity (v) kept in a magnetic the change of flux linkage with the other 
field (perpendicular to the plane of length of coil? (Delhi) 
the rod) is given by e = Blv 0) Ans. (i) Mutual inductance : Magnetic flux, linked 
This induced emf is called motional emf, by with the secondary coil due to the unit 
moving a conductor instead of varying the current flowing in the primary coil, 6, = ML. 


magnetic field; that is by changing the 


magnetic flux enclosed by the circuit. 


Therefore, induced emf associated with the 
secondary coil, for a unit rate of change of 


We can explain motional emf by invoking the 


Lorentz force acting on the free charge current in the primary coil. e, = -M 


carriers of the conductor. 
Lorentz force acting on charge g is 


dl, 
dt 
[ie. the phenomenon of production of 


IFI = |qvBl ...(ii) induced emf in one coil due to change in 
The work done in moving the charge current in neighbouring coil] 
through a distance ‘I’ is : W = quBl (i) Given: M = 1.5 H, L =0, 1,=20A, At= 
Since the emf is the work done per unit 0.5 sec, db =? 
W _ quBl 7 Change in flux (dọ) = MdI = M(I, - L) = 1.5 
charge, e = a @ = Blv ...(i11) (20 — 0) = 30 Weber 


This expression is the same as given in (1) 


capacitor? 


Ans. Magnetic energy in a solenoid, 


61. 


62. (a) Define self-inductance of a coil and hence 
write the definition of ‘Henry’. 

(b) Write any two factors each on which the 
following depends : 
(i) Self inductance of a coil. 
(ii) mutual inductance of a pair of coils. 

(Comptt. All India) 

The self-inductance (L) of a coil equal the 
magnetic flux linked with it, when a unit 


Ans. (a 


Ner 


One henry is the self inductance of a coil for 
which the magnetic flux, linked with it, due 


Rate of work done, a lel I = (LD a to a current of 1A, flowing in it, equals one 


dt 
dW = Lidl 
Total amount of work done, 


[aw = firar, W = 5 LP 


For the solenoid, we know 
Inductance, L = Uyn*Al; also, B = unl 


2 
1 1 B 
W = Up = aul = 5 ( LU n7Al) | 





weber. 
(b) (i) Self inductance of a coil depends on 

e Its geometry (area and length of a coil. 
e Number of turns 
e Medium within the coil 

(ii) Mutual inductance of a given pair of 
coils depends on 
e Their geometries 
e Their distance of separation 


_ BeAl _ B?V e Number of turns in each coil. 
2M, 2w e Nature of medium in the intervening 
Magnetic energy per unit volume (E,,) space. 
2 
T z — e? A) 
Fo 63. (a) Define the term ‘self-inductance’ and write 
The electrostatic energy stored per unit volume its S.I. unit. 


for a parallel plate capacitor, 


Ey = 5 €oE? ...(ii) 


These two expressions are similiar in nature. 


(i) Define mutual inductance. 


(b) Obtain the expression for the mutual 
inductance of two long co-axial solenoids 
S, and S, wound one over the other, each of 
length L and radii r} and r, and n 
and n, number of turns per unit length, 
when a current I is set up in the outer 
solenoid S,. (Delhi) 


(ii) A pair of adjacent coils has a mutual | Ans. (a) Self inductance of a coil, equals the 
inductance of 1.5 H. If the current in one magnitude of the emf induced in it, when 
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64. 


Ans. 
65. 


Ans. 


66. 


Ans. 
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the current in the coil, is changing at a unit 
rate. 
S.I. unit : henry 
(b) Refer to Q. 76 (b) and (c), Pages 134-135 
Define mutual inductance between a pair of 
coils. Derive an expression for the mutual 
inductance of two long coaxial solenoids of 
same length wound one over the other. 
(All India) 
Refer to Q. 76 (a) and (b), Page 134 
Define self-inductance of a coil. Obtain the 
expression for the energy stored in an inductor 
L connected across a source of emf. 
(All India) 
(i) Definition of self-inductance : Refer to 
Q. 62 (a), Page 129 
Expression for Magnetic Energy density in 
an ideal inductor : Instantaneous induced 
emf in an inductor when current changes 
through it 


(ii) 


Hence instantaneous applied voltage 
ea V = ie 
dt 
Work done dW = V.dq = VIdt 
dW = (Lau 
dt 


dW = LlIdl 


I 
= faw= firar 
0 


w= Le 
7 


Energy Density (u) = Total Energy Stored 


1 2 1 
Je jo 


Uu = = 


Volume 








Ù 





Al Al 
Flux = NBA = (LI) ... (ii) 
mare Mle Eo 
l UoN 


Putting the values of (LI) and (I) from 
equations (ii) and (i) in equation (i), we 
have 


1 pay. 2 
2 UoN _ B? 

Al aii 
State Lenz’s law. Explain, by giving examples that 
Lenz’s law is a consequence of conservation of 


energy. (Comptt. Delhi) 


Uu = 


Lenz’s law states that “The polarity of induced emf is 
such that it tends to produce a current which opposes 
the change in magnetic flux that produced it.” 


Q 
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= 
B / 
ØO (b) 


As shown in the diagram (a) given, when the north 
pole of a bar magnet is pushed towards the close 
coil, the magnetic flux through the coil increases 
and the current is induced in the coil in such a 
direction that it opposes the increase in flux. This is 
possible when the induced current in the coil is in 
the anticlockwise direction. 

Similarly as shown in the diagram (b), just the 
opposite happens when the north pole is moved 
away from the coil. 

In either case, it is the work done against the force 
of magnetic repulsion or attraction that gets 
‘converted’ into the induced emf. 


. The current through two inductors of self- 


inductance 12 mH and 30 mH is increasing with 
time at the same rate. Draw graphs showing the 
variation of the 
(a) emf induced with the rate of change of 
current in each inductor 
(b) energy stored in each inductor with the 
current flowing through it. 
Compare the energy stored in the coils, if the 
power dissipated in the coils is the same. 
(Comptt. All India) 
(a) Graph for induced emf : 


dl / dt ——> 


(L, = 12 mH) 


(L, = 30 mH) 
(b) Graph for energy stored 


| L, = 30 mH L, = 12 mH 


u 


| — > 
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Comparison of energy stored : 


1; 2 
—Li 
m2 
1 
uy ` Lai? 
9 2+1 


But €,1, = £i, 

(° power dissipated is the same, as given in 
the question) 

ee 

hb & Ly 


(. A is same and also € = — L z) 
dt dt 


2 
uy _Lifla) l3 ys 
ts Lat Li ly 42 l 


68. The current through two inductors of self- 
inductance 15 mH and 25 mH is increasing with 
time at the same rate. Draw graphs showing the 
variation of the 

(a) emf induced with the rate of change of 
current 

(b) energy stored in each inductor with the 
current flowing through it. 

Compare the energy stored in the coils, if the 

power dissipated in the coils is the same. 

(Comptt. All India) 
Ans. Given : L, = 15 mH and L, = 25 mH 


(a) dl /dt ——> 





L, = 25 mH 


(b) L, =25 mH L, = 15 mH 








But €,1, = £i, (77 power dissipated is same) 


LE eae Ce T issameande= -L2 


. = E dt 
2 
Uy loti L, 15 
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Long Answer Type Questions (LA) 


(5 Marks) 


69. (a) What are eddy currents? Write their two 





applications. 

(b) Figure shows a Px x x xRx x 
rectangular con- *,y/, . g klk x 
ducting loop |” se Se ewe 
POSR in which | V 


x x xXx xXx xX 
arm RS of length ‘I’ | 
is movable. The 
loop is kept in a 
uniform magnetic 
field ‘B’ directed downward perpendicular to 
the plane of the loop. The arm RS is moved 
with a uniform speed ‘v’. 
Deduce an expression for 
(i) the emf induced across the arm ‘RS’, 
(ii) the external force required to move the 
arm, and 
(iii) the power dissipated as heat. 
(All India) 
Ans. (a) Eddy current : Due to change in magnetic 
flux, if there is induced current in the volume 
(bulk) of the material, it is called as eddy 
currents. It is a necessary evil in an 
arrangement as it can be used in applications 
like electric brakes, induction furnaces and 
dead-beat galvanometers and brings loss of 
energy with heat production etc. 
(b) (i) As the arm RS of length / is moved with 
a uniform speed, there is a change in 
area. It is given by dA = Idx = lvdt 





The emf induced, e = — 4 
..where | is the magnetic flux, 
BdA 
e = —— = -Blv 
dt 
(ii) The current flow due to this, 
p- £-_ Be 
R R 


...where [R is the net resistance 
in the network with arm RS 
The force experienced is therefore 





272 
f = IIB = Bio 
(iii) Power dissipated or required for the 
> > 271272 
movement, P = F.v -roH 


70. (a) State Lenz’s law. Give one example to 
illustrate this law. “The Lenz’s law is a 
consequence of the principle of conservation 
of energy.” Justify this statement. 
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(b) Deduce an expression for the mutual 


(a 


(b 


Ne 


ja na 


inductance of two long coaxial solenoids 
but having different radii and different 
number of turns. (All India) 
Lenz’s law (Direction) : “The direction of 
induced current in a circuit is such as to oppose 
dọ ,„ 
a 
When north pole of a magnet, for example, is 
brought near a coil, then the nearer end of 
the coil will acquire north polarity and 
mechanical work will be needed to cause the 
relative motion between the coil and the 
magnet. This work, in fact, converts itself in 
the form of induced emf. Hence, the 
phenomenon of electromagnetic induction is 
in accordance with the law of conservation of 
energy. 

When a current I, is set up through S,, it in 
turn sets up a magnetic flux through S}. Let 
us denote it by ọọ}. The corresponding flux 
linkage with solenoid S} is 


N,6, = Mpb (i) 


the change that causes it. So emf = — 





N, turns 


M,, is called the mutual inductance of 
solenoid S} with respect to solenoid S,. 
The magnetic field due to the current I, in S, 
iS Ugl. The resulting flux linkage with coil 
S; is, 
N,6, = (1!) (rcr',*) (Hg/>I,) 
= nit h lt) 
where [n] is the total number of turns 
in solenoid S, 
Thus M,, = Wiman (iil) 
We now consider the reverse case : 
A current I, is passed through the solenoid S} 
and the flux linkage with coil S, is, 
N,o, = M,,L, sa (10) 
M,, is called the mutual inductance of the 
solenoid S, with respect to solenoid $4. 
The flux due to the current I, in S, can be 
assumed to be confined solely inside S, since 
the solenoid are very long. Thus, flux linkage 
with solenoid S, is 
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N,6, = (nl) (mr,7) (uol) sO) 
where [n,] is the total number of turns of S, 
From equation (iv) 
Ma = Ugana 
From equations (ti) and (iii), we get 


Mı = M}; = M (say) 


MEn 


71. State Faraday’s law of electromagnetic induction. 
Figure shows a rectangular conductor PORS in 
which the conductor PQ is free to move in a 
uniform magnetic field B perpendicular to the 
plane of the paper. The field extends from x = 0 
to x = b and is zero for x > b. Assume that only the 
arm PQ possesses resistance r. 


When the arm 





PQ is pulled ° Sits — 

outward from °° p | 

x=Otox=2band »» 

is then moved <=, 5 

backward tox = © ‘Ri | 

0 with constant ee e eoo ooo k 
x=0 g= x= 2b 


speed v, obtain 
the expressions for the flux and the induced emf. 
Sketch the variations of these quantities with 
distance 0 < x < 2b. (All India) 
Faraday’s law of electromagnetic induction : “The 
magnitude of the induced emf in a circuit is equal to 
the time rate of change of magnetic flux through the 
circuit” 








Outward Inward 
-dọ 
_ B 
ie., € a 
The flux og linked with the circuit SPOR is 
— Bib b<x<?2b 





The induced emf is 


-dp 
= = _Blo, 
alt - 


=0 
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Os x =p 


b<x<2b 


72. (a) Show that in an a.c. circuit containing a 
pure inductor, the voltage is ahead of 
current by 7/2 in phase. 

(b) A horizontal straight wire of length L 
extending from east to west is falling with 
speed v at right angles to the horizontal 
component of Earth’s magnetic field B. 

(i) Write the expression for the 
instantaneous value of the emf induced 
in the wire. 

(ii) What is the direction of the emf? 
(iii) Which end of the wire is at the higher 
potential? (All India) 

(a) Average power associated with an inductor. 
When a.c. is applied to an ideal 
inductor,current lags behind the voltage in 


Ans. 


phase by z radian. So we can write the 


instantaneous values of voltage and current 
as follows : 
V = Vo sin ot and I= I, sin (œt - 7/3) 
I =l sin ("/,-@t) or I= -Iù cos œt 
Work done in small time dt is 
dW = Pdt= - Volo sin œt cos wt dt 
[::2 sin @t cos Wt = sin 2 @t] 


= — Mala gin 2 otd 


The average power dissipated per cycle in 
the inductor is 


Fo“ Y-i- 


Yolo eee 20t [o 


sin 2œt dt 








vl saul a4 
T 


= Maa [1-1] =0 
Thus the average power dissipated per 


cycle in an inductor is zero. 
(b) (i) The expression for the instantaneous 
value of the emf induced in the wire is 
e = Blv 

(ii) According to Fleming's right hand rule, 
“the direction of emf is from west to east”. 

(iii) Eastern end of the wire is at the higher 
electrical potential. 


73. (a 


Vw 


Starting from the expression for the Lorentz 
magnetic force acting on the free charge 
carriers of a conductor moving in a 
perpendicular magnetic field, obtain the 
expression for the motional emf induced. 

Hence deduce the expressions for the power 
delivered by the source and the power 
dissipated as Joule heat. (Comptt. Delhi) 


(b 


wwe 
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Ans. (a) From Lorentz magnetic force 
f = qvB 
Work done, W = quB x l 
..where [I is the length of the conductor 


As emf is work done per unit change 


e= Z = vB ~le = Blo | 


q 
(b) Current induced in the loop, I= £ = ee 


Magnitude of force on the conductor, 


f=Bii= p( Be | | = BI v 
an r 











4 
Power required to push the conductor, 
22 22.2 
P=fxv-= Big XU= eae 
r r 
Power dissipated, P = Pr 
2 yl 
P = (2e) T = B I 5 
r r 


Hence, power required to push the conduct 
is same as the power dissipated. 


74. (a) Describe a simple experiment (or activity) 
to show that the polarity of emf induced in 
a coil is always such that it tends to produce 
a current which opposes the change of 
magnetic flux that produces it. 
(b) The current flowing through an inductor of 
self inductance L is continuously increasing. 
Plot a graph showing the variation of 
(i) Magnetic flux versus the current 
(ii) Induced emf versus dI/dt 
(iii) Magnetic potential energy stored versus 
the current. (Delhi) 
Ans. 


(a) Lenz’s law : According to Lenz law, “the 
polarity of the induced emf is such that it opposes 
a change in magnetic flux responsible for its 
production.” 
Activity : 





When the north pole of a bar magnet is 
pushed towards the coil, the amount of 
magnetic flux linked with the coil increases. 
Current is induced in the coil from a 
direction such that it opposes the increase in 
magnetic flux. This is possible only when the 
current induced in the coil is in anti- 
clockwise direction, with respect to an 
observer. 
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The magnetic movement — M associated 
with this induced emf has north polarity 
towards the north pole of the approaching 
bar magnet. 

Similarly, when the north pole of the bar 
magnet is moved away from the coil, the 
magnetic flux linked with the coil decreases. 
To counter this decrease in magnetic flux, 
current is induced in the coil in clockwise 
direction so that its south pole faces the 
receding north pole of the bar magnet. This 
would result in an attractive force which 
opposes the motion of the magnet and the 





corresponding decrease in magnetic flux. Ans. 
(b) (i) Since ọ = LI. [Graph (i)] 
i where|I = Strength of current 
through the coil at any 
j time 
ọ þ = Amount of magnetic 
flux linked with all 
turns of the coil at that 
time 
L = Constant of 
| => proportionality called 
Graph (i) coefficient of self 
induction 
(11) Induced emf, 
= d d _ g 
(dI/dt) —+ 
| 76. 
= 
Graph (ii) 
(iii) Since magnetic potential energy is given 
by 
1 y 
Us 5 LP. [Graph (iii) 
j 
U 
Ans. 





I —> 
Graph (iii) 

75. A metallic rod of length 7 and resistance R is 
rotated with a frequency v, with one end hinged 
at the centre and the other end at the 
circumference of a circular metallic ring of 
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radius l, about an axis passing through the 
centre and perpendicular to the plane of the 
ring. A constant and uniform magnetic field B 
parallel to the axis is present everywhere. 

(a) Derive the expression for the induced emf 
and the current in the rod. 

(b) Due to the presence of the current in the rod 
and of the magnetic field, find the 
expression for the magnitude and direction 
of the force acting on this rod. 

(c) Hence obtain the expression for the power 
required to rotate the rod. 

(Comptt. All India) 

(a) In one revolution, change of area, dA = nl? 

Change of magnetic flux, 


> > 
do = B.dA= BdA cos 0° = Bal? 
If the period of revolution is T, then : 








(1) Induced emf € = a = = 
= Bri’v z L sÑ 
(ii) Induced current in the rod, 
Jf tvBI? 
R R 
(b) Force acting on the rod, F = IIB = aia 


The external force required to rotate the rod 
opposes the Lorentz force acting on the rod/ 
external force acts in the direction opposite to 
the Lorentz force. 
(c) Power required to rotate the rod 
tvB7130 
P = Fu= R 
where v = Velocity of rotation 





(a) Define mutual inductance and write its S.I. 
units. 

(b) Derive an expression for the mutual 
inductance of two long co-axial solenoids of 
same length wound one over the other. 

In an experiment, two coils c} and c, are 
placed close to each other. Find out the 
expression for the emf induced in the coil c 
due to a change in the current through the 
coil c,. (Delhi) 
Mutual inductance of two coils is equal to 
the magnetic flux linked with one coil when 
a unit current is passed in the other coil. 


(c) 


(a 


ZZ 


od = MI 
= do Ayal 
Gam e= Ma, 


Hence, Mutual inductance is equal to the 
induced emf set up in one coil when the rate 
of change of current flowing through the 
other coil is unity. 
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S.I. unit : Henry, (Weber ampere‘) 
or (volt second ampere“) 

(b) Consider two long solenoids S} and S, of same 
length / such that solenoid S, surrounds 5, 
completely. 

Let a current I, flow through S,. This sets up a 
magnetic flux @, through each turn of the coil S}. 
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(b) A jet plane is travelling towards west at a 
speed of 1800 km/h. 

(i) Estimate voltage difference developed 
between the ends of the wing having a 
span of 25 m if the earth’s magnetic field 
at the location has a magnitude of 
5 x 10% T and dip angle is 30°. 

(ii) How will the voltage developed be 
affected if the jet changes its direction 
from west to north? (Comptt. All India) 


Ans. (a) Lenz’s law : It states that “the direction of 
induced emf is such that it tends to produce a 
current which opposes the change in magnetic 
flux producing it.” 
Polarity of capacitor : Current induced in the 
coil will oppose the approach of the magnet, 
N, turns therefore, left face of the coil will act as N-pole 
Total flux linked with S}, N,o, = M,L ...(i) and right face S-pole. For this the current in 
aera T E E E EET E EN E coil will be anticlockwise, as seen from left; 
the two oe lena ie: and hence the plate ‘A’ of the capacitor will be 
Magnetic field due to the current I, in S, is positive and plate ‘B’ will be negative. 
UnL. (b) (i) Given: v = 1800 km h“! 
Therefore, resulting flux linked with S}. = 1800 x 10° x (60 x 60)! 
N,0, = [(1,)ar,7] (unl) ald) = 500 ms“! 
Comparing (i) and (ii), we get |=25m,B=5x10*T,0=30° 
Mpb = m Dnr- (Hyl) e = B, lv = [(5 x 104) (sin 30°)] 
: M}, = Wn, nr? ] x 25 x 500 
(c) Let a magnetic flux be (4) linked with coil C, -3125 V [sin 30° = 1 
due to current (I,) in coil C,. 2 
We have 6,<1, = 6, =~ MI, (ii) When the jet changes its direction from 
do, ~, dl, E dl, west to north, the voltage developed will 
age eo not be affected. 
77. (a) State Lenz’s law. Use it to predict the 
polarity of the capacitor in the situation 
given below : 
A 
// B 
CA T 
— 
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7. Alternating Current 





QUICK REVISION OF THE CHAPTER 


1. Alternating current. The current whose magnitude changes with time and the direction reverse periodically is called the 
alternating current. Instantaneous value of an alternating current is given by 
I = I, sin œt 
I, is called peak value or maximum value of a.c. 
or I = I, cos wt where| DE 
© = — = 2nV 
T 
2. Alternating voltage. The instantaneous value of an alternating voltage is given by 
V = V, sin of or V= V, cos wt 
or V = Vn sin ot or V=V,, cos wt 
3. Mean or average value of a.c. It is the steady current which when passes through a circuit for half the time-period of alternating 
current sends the same amount of charge as is done by the alternating current in the same time through the same circuit. 


V,=V,, is the maximum value of alternating 
2I o m 
l, = —™ = 0.636 Ip, wiere mae 


a 


4. Root mean square (rms) or effective or virtual value of a.c. It is the steady current, which when passes through a resistance 
for a given time will produce the same amount of heat as the alternating current does in the same resistance and in the same 
time. 


Lng a = 0.707 Ly Similarly V, = “ = 0.707 V,, 


m2 V2 


5. A.C. voltage applied to a resistor. When a.c. voltage is applied across a resistor R, then voltage and current are in phase with 
each other. 
6. A.C. voltage applied to an inductor. When a.c. voltage V = V,,, sin wt is applied across the inductor L, then the current lags the 


voltage by s 


() Current: I = Ip sin (ot = z) (ii) Inductive reactance: X, = œL 


Vm 
Xi 
(iv) The average power supplied to an inductor over one complete cycle is zero. 
7. A.C. voltage applied to a capacitor. When a.c. voltage V = V,, sin œtis applied across the capacitor C, then the current aheads 


(iii) The amplitude of current, I,, = 


the voltage by > 


(i) Current: I =I, sin [ot $ z) (ii) Capacitive reactance: Xç = —- 
a) 


Vm 
Xc 
(iv) The average power supplied to a capacitor over one complete cycle is zero. 


(iii) The amplitude of current, Ip = 


8. A.C. voltage applied to a series LCR circuit. The alternating emf leads/lags behind the current by a phase angle o 


(i) Phase angle, ọ = tan! (Se) (ii) Impedance, Z = JR? + (Xo - X,)* 


ie V. 
(iii) Current I, = Fa 
9. Resonance. A series LCR circuit is said to be electrical resonant at particular resonant frequency when the amplitude current 


is maximum 


V 
m= 
(i) Resonant frequency @, = (i) Xc = X, 


JLC 
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- Quality factor. The quality factor or Q-factor of a resonant LCR circuit is defined as the ratio of the voltage drop across inductor 
or capacitor to the applied voltage 


„Us Lo ape AT LOTO a a WoL = [L 
applied voltage R RVC 


. Power in a.c. circuit. Let V = V,, sin wt is applied to a series LCR circuit. 
Then average power loss over a complete cycle will be 
P = VI cos 6 or P= PZ cos ọ ...where [cos @ is the power factor] 
(i) In resistive circuit, ọ = 0 = Peyi 


(ii) In purely inductive or capacitive circuit, ọ = > = Pe0 


. Wattless current. In a purely inductive or capacitive circuit, cos ọ = 0 and no power is dissipated even though a current is 
flowing in the circuit. Such current is known as wattless current. 


. LC oscillations. A circuit containing an inductor L and a capacitor C (initially charged) with no a.c. source and no resistors 
exhibits free oscillations. The charge q of the capacitor satisfies the equation of simple harmonic motion, 


d? 1 

CE 

dt? LC 

. Transformer. It is a device which is used to change low alternating voltage at high current into high voltage at low current and 
vice-versa. 


There are two types of transformers: 
(1) Step up transformer—low voltage to high voltage 
(ii) Step down transformer—high voltage to low voltage 
For an ideal transformer: 
V I N 
=. = a = 5 =K, ...where [K is called the transformer ratio] 
P S 


15. Choke coil. It is an inductor used to control the flow of current in an a.c. circuit. 


UNITS USED 


Physical quantity 


Inductive reactance Ohm (Q) [ML2T 3A *] 
Capacitive reactance Ohm (Q) [ML?TA7}] 
Impedance Ohm (Q) [ML2TSA~*] 
Resonant frequency Hz [T] 

Quality factor No unit Dimensionless 
Power factor No unit Dimensionless 
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Ans. 


Ans. 


. The instantaneous current and voltage of an a.c. 


Ans. 


Ans. 


Ans. 
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Previous Years’ CBSE Examination Questions 
Very Short Answer Type Questions (VSA) 


(1 Mark) 


. The instantaneous current and voltage of an a.c. 


circuit are given by 

i = 10 sin 300 t A and V = 200 sin 300 t V. 

What is the power dissipation in the circuit? 
(All India) 

P = LT P 


cos ¢ = 1 


cos Ò 
~ d= 0° 
lo C Vo 1 
— =: X _—_—— — — 
P= JZ” 2 72 wo 


1 
P = z X 10 x 200 = 1,000 W 


. The instantaneous current and voltage of an a.c. 


circuit are given by 
i = 10 sin 314 t A and v = 50 sin 314 t V. 
What is the power dissipation in the circuit? 
(All India) 


10 x 50 —~ 250 W 





1 
Pa S oon 


circuit are given by 


i = 10 sin 314 tA and v = 50 sin (314t + av. 


What is the power dissipation in the circuit? 
(All India) 


P = Lms Vrms COS Ọ 
Phase difference between current voltage 
T T 
ee) 
T 
P = Lms Vrms COS z . P=0__...[cos 1/2 = 0 
. Define the term ‘wattless current’. (Delhi) 


Wattless current is that component of the circuit 
current due to which the power consumed in the 
circuit is zero. 


. Mention the two characteristic properties of the 
material suitable for making core of a 
transformer. (All India) 


Characteristic properties of material suitable for 
core of a transformer : 

e It should have high permeability 

e It should have low hysteresis loss. 

e It should have low coercivity/retentivity. 

e It should have high resistivity. (Any two) 


. When an ac source is connected across an ideal 


inductor, show on a graph the nature of varia- 
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la 


Ans. 


Ans. 


Ans. 


10. 


Ans. 


11. 


Ans. 


12 


Ans. 


tion of the voltage and the current over one com- 
plete cycle. (Comptt. Delhi) 





A heating element is marked 210 V, 630 W. What 
is the value of the current drawn by the element 


when connected to a 210 V dc source? (Delhi) 
_ P _ 630 
V 210 


. A heating element is marked 210 V, 630 W. Find 


the resistance of the element when connected to 





a 210 V dc source. (Delhi) 
2 2 
Resistance = LAE CU ee 70 Q 
P 630 630 
. Why is the core of a transformer laminated? 


(Comptt. Delhi) 
The core of a transformer is laminated to minimize 
eddy currents in the iron core. 


Why is the use of a.c. voltage preferred over d.c. 
voltage? Give two reasons. (All India) 
a.c. voltage is preferred over d.c. voltage because 
of following reasons : 
(i) it can be stepped-up or stepped-down by a 
transformer. 
(ii) carrying losses are much less. 


Define capacitor reactance. Write its S.I. units. 

(Delhi) 
‘Capacitor reactance’ is defined as the opposition 
to the flow of current in ac circuits offered by a 
capacitor. 


1 
Xc = Do 
S.I. Unit : Ohm. 


A variable frequency AC source is connected to 
a capacitor. Will the displacement current 
change if the frequency of the AC source is 
decreased? (Comptt. All India) 
On decreasing the frequency of AC source, 
= will increase, which will lead 
to decrease in conduction current. In this case 
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reactance, Xç = 


13. 


Ans. 


14. 


Ans. 


15. 


Ans. 


L= 1 
ene. Hie placement current will decrease. 
Plot a graph showing variation of capacitive 
reactance with the change in the frequency of 
the AC source. (Comptt. All India) 


Graph showing a variation of X, f 
capacitive reactance with the 
change in frequency of AC 
source. 
o —> 


Define ‘quality factor’ of resonance in series 

LCR circuit. What is its SI unit? (Delhi) 

WoL 

a 

It gives the sharpness of the resonance circuit. It 

has no SI unit. 

For an ideal inductor, connected across a 

sinusoidal ac voltage source, state which one of 

the following quantity is zero : 

(i) Instantaneous power 

(ii) Average power over full cycle of the ac 
voltage source (Comptt. All India) 

Average power over full cycle of the ac voltage 

source is zero, when connected with an ideal 

inductor. 


Quality factor (Q) is defined as, Q = 


Short Answer Type Questions-! (SA-1) 


16. 


Ans. 


(2 Marks) 


Prove that an ideal capacitor in an a.c. circuit 
does not dissipate power. (Delhi) 
Average power associated with a capacitor : 
When an a.c. is applied to a capacitor, the current 
leads the voltage in phase by T radian. So we 


write the expressions for instantaneous voltage 
and current as follows : 


V = Vo sin ot, I = Ip sin for +E) = I) cos wt 
2 


Work done in the circuit in small time dt will be 
dw = pdt = VI dt = Vo I, sin wt cos wt dt 


I 
= SO sin 2 oot di 


The average power dissipated per cycle in the 
capacitor is, 
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T 
VaI 
= 00 | sin zorat = 
2T 
0 


Volo | — cos 2at 
2r 20 


0 


pe- 


T 
_ Voo f of 427 
4T@ T )I, 


-V,I 

= — [cos 4r — cos 0] 
4T@ 

= 000) ff 40 
4T@ 


Thus the average power dissipated per cycle in 
a capacitor is zero. 

Prove that an ideal inductor does not dissipate 
power in an a.c. circuit. (Delhi) 


Ans. Average power associated with an inductor. 


18. 


Ans. 


When a.c. is applied to an ideal inductor,current 


lags behind the voltage in phase by 4 radian. So 


we can write the instantaneous values of voltage 
and current as follows : 
V = Vo sin œt and I = I) sin (wt — 7/3) 
I =l sin - ("/,- @t) or I=- cos œt 
Work done in small time dt is 
dW = Pdt = — Volo sin wt cos œt dt 
[- 2 sin œt cos œt = sin 2 ot | 


Val . 
=- <> sin 2 œt dt 


The average power dissipated per cycle in the 
inductor is 





T T 
-VI 
aw = bad = — faw = 0 J sin 2otat 
T T 2T 
0 0 
T 
_ Volo 2 pat _ Volo cos Art _ 1 
2T 20 Jo 4T@ T 
= Yoo 11-1] =0 
4To@ 


Thus, the average power dissipated per cycle in 
an inductor is zero. 

Derive an expression for the impedance of an 
a.c. circuit consisting of an inductor and a 
resistor. (Delhi) 
From the phasor diagram, we get 


OQ? = OP? + OM? 
V2 = Vg? + V7? 
= PR? + 2X,? 
n V2 = P (R2 + X,2) 


a 2 2 
LZ, = Te + Xp 
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Es sin œt 


A series LR-circuyit 


140 


19. 


Ans. 


20. 


Ans. 


21. 


Shiv Das Chapterwise Question Bank (Physics XII) 


Clearly .JR?2+X/ is t 


the effective resistance 
of the series LR circuit 
which opposes or 
impedes the flow of V, 
a.c. through it. It is 

called its impedence 

and is denoted by Z. V 


Z = JR? +Xf =Ẹ4R? + 022 [t X, = oL] 


The circuit arrange- 
ment as shown in 
the diagram shows 
that when an a.c. 
passes through the 
coil A, the current 
starts flowing in the 
coil B. 
(i) State the underlying principle involved. 
(ii) Mention two factors on which the current 
produced in the coil B depends.(All India) 
(i) It is based on the principle of “mutual 
induction”. 
(ii) Two factors are: 
e distance between the coils. 
e orientation of the coils. 
e Number of turns in the coil. (any two) 
The figure given shows an arrangement by 
which current flows through the bulb (X) 
connected with coil B, when a.c. is passed 
through coil A. 


<- Bulb (X) 


Coil A Coil B 

(i) Name the phenomenon involved. 

(ii) If a copper sheet is inserted in the gap 
between the coils, explain, how the 
brightness of the bulb would change. 

(All India) 

(i) The phenomenon involved is mutual 
induction. 

(ii) When the copper sheet is inserted, eddy 
currents are set up in it which opposes the 
passage of magnetic flux. The induced emf in 
coil B decreases. This decreases the 


brightness of the bulb. 


A 15.0 uF capacitor is connected to 220 V, 50 Hz 
source. Find the capacitive reactance and the rms 
current. 


Q 


(All India) 
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Ans. Capacitive reactance, Xc 


22.: 


Ans. 


23: 


Ans. 


24. 


Ans. 


25. 


Ans. 
26. 

















gala 
oC 2nfC 
_ 1 
2x 3.14 x 50 x (15 x 10°) 
_ 10000 _ 1000 = 2193Q 
3.14x15 4.71 
and rms current = 222s 1.04 A 
Xe 2P) 
An electric lamp having coil om c Lamp 
of negligible inductance g 
connected in series with a 
capacitor and an a.c. source is © 
glowing with certain Source 


brightness. How does the brightness of the lamp 
change on reducing the (i) capacitance, and (ii) 
the frequency? Justify your answer. (Delhi) 
Brightness of lamp œ= Ip, 
Assuming zero resistance and zero inductance of 
lamp 
1 = Fo, Vo 
"Xe Ke 
On reducing C or v; It would decrease 
Brightness of the lamp will decrease. 


= E, rv) C 


State the principle of working of a transformer. 
Can a transformer be used to step up or step 
down a d.c. voltage? Justify your answer. 

(All India) 
Transformer works on the principle of mutual 
induction, i.e., when a changing current is passed 
through one of the two inductively coupled coils, 
an induced emf is set up in the other coil. 


No, transformer cannot be used to step up or step 

down a d.c. voltage because d.c. voltage cannot 

produce a change in magnetic flux. 

Mention various energy losses in a transformer. 
(All India) 

Refer to Q. 66 (ii), Page 151 


State the underlying principle of a transformer. 
How is the large scale transmission of electric 
energy over long distances done with the use of 
transformers? (All India) 
Refer to Q. 65, Page 151 
A light bulb is rated 100 W for 220 V ac supply 
of 50 Hz. Calculate 
(i) the resistance of the bulb; 

(ii) the rms current through the bulb. 

(All India) 
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Ans. 


28. 


Ans. 


29. 


Ans. 


30. 


Ans. 


31. 


Ans. 


32. 


Ans. 


2 2 

p= ore = 20x20 _ gag 
R P 100 

7 V 

(ii) Lans = a = — = 0.45 ampere 


A light bulb is rated 200 W for 220 V ac supply 
of 50 Hz. Calculate 
(i) the resistance of the bulb; 
(ii) the rms current through the bulb. 
(All India) 
Similar to Q. 26, Page 140 
| Hint |: (i) P = 242 Q (11) Lams = 0.90 ampere 
A light bulb is rated 150 W for 220 V ac supply 
of 60 Hz. Calculate 
(i) the resistance of the bulb; 
(ii) the rms current through the bulb. 
(All India) 
Similar to Q. 26, Page 140 
[Hint |: (i) P = 322.67Q (ii) Lms = 0.68 ampere 
An alternating voltage given by V = 140 sin 314 
t is connected across a pure resistor of 
50 Q. Find 
(i) the frequency of the source. 
(ii) the rms current through the resistor. 
(All India) 
(i) Va = 140 V, w= 314 








= Inv = 314 gs = Si Hy, 
2T 
. V 
(ii) | R = Ea Where [Vrms = y? 
O Vo/42 Vo — 140 _ P 
R J2R 42x50 1.414 x 50 
= 1.98 A = 2A 


An alternating voltage given by V = 280 sin 50rt 
is connected across a pure resistor of 40 Q. Find 
(i) the frequency of the source. 

(ii) the rms current through the resistor. 

(All India) 
Similar to Q. 29, Page 141 
[Hint|:()v=25Hz (ii) I, = 4.95 A 
An alternating voltage given by V = 70 sin 100rt 
is connected across a pure resistor of 25 Q . Find 

(i) the frequency of the source. 

(ii) the rms current through the resistor. 

(All India) 
Similar to Q. 29, Page 141 
| Hint |: (i) v = 50Hz (ii) Lans = 1-98 Ampere 
A lamp is connected in series with a capacitor. 
Predict your observation when this combination 
is connected in turn across (i) ac source and (ii) 
a ‘dc’ battery. What change would you notice in 
each case if the capacitance of the capacitor is 
increased? (Comptt. Delhi) 
When dc source is connected, the condenser is 
charged but no current flows in the circuit, there- 
fore, the lamp does not glow. No change occurs even 
when capacitance of capacitor is increased. 
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33. 


Ans. 


34. 


Ans. 
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When ac source is connected, the capacitor offers 


vr 1 . 
capacitive reactance X, = —~. The current flows in 


the circuit and the lamp glows. On increasing 
capacitance, X, decreases. Therefore, glow of the 
bulb increases. 


A capacitor ‘C’, a variable resistor ‘R’” and a bulb 
‘B’ are connected in series to the ac mains in a 
circuit as shown. The bulb glows with some 
brightness. How will the glow of the bulb 
change if 


B 





(i) a dielectric slab is introduced between the 
plates of the capacitor, keeping resistance R 
to be the same; 

(ii) the resistance R is increased keeping the 
same capacitance? (Delhi) 

(i) Brightness will increase due to increase in 
capacitance on introducing dielectric slab. 

(ii) Brightness will decrease, as the resistance (R) 
is increased, the potential drop across the 
bulb will decrease (since both are connected 
in series). 

The figure shows a 
series LCR circuit 
connected to a QE C 
variable frequency L 

200 V source with 

L = 50 mH, C = 80 uF and R = 40 Q. 

Determine 

(i) the source frequency which derives the 
circuit in resonance; 

(ii) the quality factor (Q) of the circuit. 
(Comptt. All India) 


R 


(i) W) = i 
VLC 
E 1 E 1 
(50x10)(80x10®)  4/4000x10 
3 
= = = = 500 rad S7 
44x10% 
se M 
f= zr Oe 80 hertz 
r L -3 
mer ee UE l: = Gee 
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35. The figure shows a 
series LCR circuit R 
connected to a 
variable frequency 
250 V source with 
L = 40 mH, 
C = 100uF and 
R = 50 . 
Determine : 
(i) the source frequency which derives the 
circuit in resonance; 
(ii) The quality factor (Q) of the circuit. 
(Comptt. All India) 
Ans. Similar to Q. 34, Page 141 


| Hint |: (i) 80 Hz (ii) Q = 0.4. 


Short Answer Type Questions-il (SA-I1) 
(3 Marks) 


36. An inductor of unknown value, a capacitor of 
100 uF and a resistor of 10 Q are connected in 
series to a 200 V. 50 Hz a.c. source. It is found 
that the power factor of the circuit is unity. 
Calculate the inductance of the inductor and the 
current amplitude. (Delhi) 

Ans. As power factor of circuit is unity : 





7 1 B 1 
An?uc 4n? x 50x 100 x 107° 


L = 0.1013H = 101.3 mH 
(ii) Current amplitude, 


1 - Moe V2Viins _ 1414x200 _ RIA 
0 R R 10 


37. Two heating elements of resistances R, and R, 

when operated at a constant supply of voltage, 

V, consume powers P, and P, respectively. 

Deduce the expressions for the power of their 

combination when they are, in turn, connected 

in (i) series and (ii) parallel across the same 

voltage supply. (All India) 

Ans. When two resistances R} and R, are operated at a 
constant voltage supply V, 

their consumed power will be P, and P, 

T v? y? 

respectively and is given by P, = —, P, = — 

Ry Ry 


When they are connected in series, Power will be 


T ee ee e 
P PP y v y> (R, +R,) 
and Power in parallel will be 
2 2 R, +R,)V? 
Ry R RR, 
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38. The figure shows a series R 
LCR circuit with L = 5.0 H, 
C = 80 pF, R = 40 Q to 


connected to a variable 

frequency 240 V source. 

Calculate L 

(i) The angular frequency of the source which 

drives the circuit at resonance. 

(ii) The current at the resonating frequency. 

(iii) The rms potential drop across the capacitor 
at resonance. (Delhi) 





Ans. Angular frequency, œ = 


1 
4 LC 
ee 
J5x80x10°  ./400x10~ 


(i) œ = 





= = = La = 50 radians/sec. 
20x10 20 
y Vans 240, _ 
cee . 1 
(111) V ms across capacitor = 6X 
=E o T 
50x80x10% 
6 
= —_ V= Oya 1500 V 
4x103 4 


39. A series LCR circuit R 
with L = 4.0 H, C = 100 
uF and R = 60 Q is 
connected to a variable C 
frequency 240 V 
source as shown in the 
figure. L 
Calculate : 
(i) the angular frequency of the source which 
derives the circuit at resonance; 
(ii) the current at the resonating freqency; 
(iii) the rms potential drop across the inductor at 





resonance. (Delhi) 
Ans. ®© = eLa 
l TE 
(i) Angular frequency, œ 
z 1 E 1 
V¥4x100x10 44x10% 
= a =e 50 radians/sec 
2x10 2 
(ii) Current resonance, lms = “tue = = = 4A 


(iii) V mẹ across capacitor, R = IX, = IL 


= 4 x 50 x 4 = 800 V 
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40. The figure shows a R 
series LCR circuit with 
L = 10.0 H, C = 40 pF, 
R = 60 Q connected to C 
a variable frequency 
240 V source. 
Calculate : 
(i) The angular frequency of the source which 
drives the circuit at resonance. 
(ii) The current at the resonating frequency. 
(iii) The rms potential drop across the inductor 
at resonance. (Delhi) 
Similar to Q. 39, Page 142 
(i) Angular frequency, œ = 50 radians/sec. 
(ii) Tans = 4A 
(iii) Vims = limsXc = 2000 V 
A series LCR circuit is connected to an ac source. 
Using the phasor diagram, derive the expression 
for the impedance of the circuit. Plot a graph to 
show the variation of current with frequency of 
the source, explaining the nature of its variation. 
(All India) 


L 


Ans. 


41. 














Ans. 
L C R 
B | WW 
A.C. source 
Bandwidth 
Ip = €)/R = 2AM 43. 
~ gf fb 
we IR—+—— 
j I 
ji | Ans. 
zA) / i| 
fit 
fey E Ra 
| | 44. 
O 0 0, ©, OD 
C 
7 3 
rd XL- Xe 
i R B 
In AABC Ans. 


1° 
Z = ,R*+(X, -Xc = R? [ol - 
HAr c) 7 oC 


42. (a) The graphs (i) and (ii) shown in the figure 
represent variation of opposition offered by 
the circuit elements, X and Y, respectively to 
the flow of alternating current vs. the 
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frequency of the applied emf. Identify the 
elements X and Y. 


f 


O Frequency O Frequency 
(i) (ii) 


Opposition to 
Cuurent 
—> 

Opposition to 
Cuurent 


(b) Write the expression for the impedance of- 
fered by the series combination of these 
two elements connected to an ac source of 
voltage V = V, sin at. 

Show on a graph the variation of the voltage and 
the current with ‘ot’ in the circuit. 
(Comptt. All India) 

(a) ‘X’ is Resistor. 

"Y is Capacitor. 


(b) Impedance, Z = ee 





Draw a sketch showing the basic elements of an 
a.c. generator. State its principle and explain 
briefly its working. (Comptt. All India) 
Refer to Q. 60, Page 148 


In a series LCR circuit connected to an ac source 
of variable frequency and voltage v = V_ sin ot, 
draw a plot showing the variation of current (D 
with angular frequency (œ) for two different 
values of resistance R, and R, (R, > R,). Write 
the condition under which the phenomenon of 
resonance occurs. For which value of the 
resistance out of the two curves, a sharper 
resonance is produced? Define Q-factor of the 
circuit and give its significance. (Delhi) 
(a) Condition for resonance to occur is 
X, = Xo, and Z = R. 

(b) Sharper resonance is produced for R.. 

(c) The Q-factor (quality factor) of series resonant 
circuit is defined as the ratio of the voltage 
developed across the inductance of capacitance 
at resonance to the impressed voltage, which 
is the voltage applied across the R. 
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Q= @oL 47. (a) When an a.c. source is connected to an ideal 
OR capacitor show that the average power 
supplied by the source over a complete 
cycle is zero. 

(b) A lamp is connected in series with a 
capacitor. Predict your observations when 
the system is connected first across a d.c. 
and then an a.c. source. What happens in 
each case if the capacitance of the capacitor 

= is reduced? (Comptt. Delhi) 

0.0 m o Ans. (a) Refer to Q. 16, Page 139 

œ, Mrad/s > (b) (i) In this case, the bulb 

will glow initially 








Significance : Higher the value of Q, the for a very short Bulb C 
narrower and sharper is the resonance and duration depending 
therefore circuit will be more selective upon its time a Daa 


45. (i) For a given a.c., i =i, sin wt, show that the 
average power dissipated in a resistor R 


constant during the charging of capacitor. 
Once the capacitor is fully charged, it will 
not allow current to pass, hence the bulb 


eo 
over a complete cycle is a R. ceases to glow. 


(ii) A light bulb is rated at 100 W for a 220 V (ii) In this case, when 
a.c. supply. Calculate the resistance of the connected to a.c. 
bulb. (All India) source, the bulb Bulb 


Ans. (i) 1 =1, sin œt, where i„ is peak current, œ is will glow with the 


angular frequency 


P = Vins lms COS Q, R = resistance 


same brightness. 
When the capacity of capacitor is re- 
duced, it will have no appreciable effect 








In a.c., across resistance Vms and R So Lit 7 Sr 
phase “cos o=1 a) when connecte to d.c. source. 
` However, in case when connected to a.c. 
P = Vime Lmg C08 0, Vime = 5 source, capacitance is reduced, hence 
yo = 1 
! , c= = 
5 Pe Vuln I İm wC 
JI ead oe ig Xc capactive reactance will increase and 
thus the brightness of bulb will reduce. 
Valin l 
P= 5 ey) 


48. A voltage V = V, sin ot is applied to a series 
LCR circuit. Derive the expression for the 


We know Vi = lik 


2 
Equation (i) becomes | P = ae average power dissipated over a cycle. 
: Under what condition is 

(ii) P = 100 W, V = 220 V (i) no power dissipated even though the 

v yV“ 220x220 current flows through the circuit, 

P= — «n R= — == = 484Q sa ; ae a 

R P 100 (ii) maximum power dissipated in the circuit? 
46. (a) For a given a.c., i =i, sin wt, show that the (All India) 


Ans. Average power in LCR circuit : 
i Let the alternating emf applied to an LCR circuit, 
R over complete cycle is zim R. V = V, sin œt ...(1) 
If alternati t developed lags behind th 
(b) A light bulb is rated at 125 W for 250 V a.c. ee a A a 


f applied emf by a phase angle o 
supply. Calculate the resistance of the then, I = I, sin(wt — 6) (ii) 
bulb. (All India) : 


. . Total work done over a complete cycle is, 
Ans. (i) Refer to Q. 45 (i), Page 144 
(ii) P = 125 W, V = 250 V 


average power dissipated in a resistor 


T T 
W = Í VI dt = Í Vasin wt.l, sin(wt — 6) dt 


Where P = Power and V = Voltage 0 0 
2 2 T 
P= ~ or R= ~,R= E = Volo Í sin wt sin(ot - 6) dt 
R P 125 4 
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T 
= a Í 2 sin œt sin(œt — p) dt 
Vol 
= a Í [cos(wt— ot + p)-cos(ot + œot-0)] dt 
1 '⁄ 2 sin A sin B = cos(A — B) — cos(A+ B)] 
ii 
= a | [cos 6 — cos(2 wt — )] dt 
0 
_ Volo tos ~ snot - 9) 
2 20 0 


= ooy cos 0] = — (cos o). t 


Average power in LCR circuit over a 
complete cycle is, 
t 2 V2 v2 

P = Ey Iy cos ọ 


(i) No power is dissipated in purely inductive 
or purely capacitive circuit, because phase 


difference between voltage and current is i 


and cos ọ = 0. It is known as wattless current. 
(ii) Maximum power is dissipated in a LCR 

circuit at Resonance, because Xc — X = 0 and 

ò = 0, cos o=1 

Power = PZ = PR 


49. An inductor L of inductance X, is connected in 
series with a bulb B and an ac source. How 
would brightness of the bulb change when (i) 
number of turns in the inductor is reduced, (ii) 
an iron rod is inserted in the inductor and (iii) a 
capacitor of reactance Xc = X; is inserted in 
series in the circuit. Justify your answer in each 
case. (Delhi) 

(i) Increases. X; = œL 
As number of turns decrease, L decreases, 
hence current through the bulb increases. 
Also voltage across bulb increases. 

(ii) Decreases : Iron rod increases the inductance 
which increases X,;, hence current through 
the bulb decreases. /Voltage across the bulb 
decreases. 

(iii) Increases. Under this condition (Xe = X,) the 
current through the bulb will become 
maximum. 

50. (a) Determine the value of phase difference 

between the current and the voltage in the 
given series LCR circuit. 


R = 400 Q 


Ans. 


V = Vp sin(10007+ 6) C=2uF 


L = 100 mH 
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(b) Calculate the value of the additional 
capacitor which may be joined suitably to 
the capacitor C that would make the power 
factor of the circuit unity. (All India) 

(a) Given: V = Vj, sin(1000 t + 6), R = 400 Q, 

L=100mH, C=2uF ow = 1000 


0 = tan! [Ze] 


Ans. 


I oL 
1 | oC 


R 


= tan” 


1 


| | ToooxD x19 ~ 1000 x 100 x 10° 
XxX LX 


S 700 


400 ` 

l o =10=45 

(b) Let the additional capacitor be C’ which is to 
be connected in parallel with C, to increase 
the value of combined capacitances; hence 
resulting into ‘capacitive reactance’ reduced. 
In parallel Che = C + C 
When the power factor is unity 


When X= Xc 


= tan 


1 
OL Cre) 
Cece T Cea 2c 
wL wL 
= : -2 x 10° 


(1000)? x (100 x 1073) 
C’ = (10 x 10%) — (2 x 10°) 
= (10 — 2) x 10° = 8uF 
51. A circuit containing an 80 mH inductor and a 
250 uF capacitor in series connected to a 240 V, 
100 rad/s supply. The resistance of the circuit is 
negligible. 
(i) Obtain rms value of current. 
(ii) What is the total average power consumed 
by the circuit? (Comptt. Delhi) 
(i) X; = @L = 100 x 80 x 10° = 8 Q 


1 1 
Xc= a5 = 9 = 40 Q 


wC 100 x 250x 1076 
L=80mH © =250 pF 


Ans. 


240 V, 100 Rads 
Total impedence, (Z) = Xc - X = 32 Q 





V 240 
Lms = R = 37 = 7.5 A 


(ii) Average power consumed = 0 (Zero) 
(As there is no ohmic resistance in the current) 
52. A source of ac voltage V = V, sin wt is connected 
to a series combination of a resistor ‘R’ and a 
capacitor ‘C’. Draw the phasor diagram and use it 
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to obtain the expression for (i) impedance of the 
circuit and (ii) phase angle. (Comptt. All India) 


Ans. Phasor diagram and circuit diagram for the 
given circuit are, 


V = V, sinw? 





Expression for impedance and phase angle : A 
resistor and a capacitor are connected in series to 
a source of alternating current, V = V} sin œt 
Let ‘I’ be the instantaneous value of current in this 
circuit. 

(1) Voltage across ‘R’ = Vp = RI (in phase) 

(ii) Voltage across ‘C’ = Ve = Xel (lags by 90°) 


V = VOA? +OD? = JV +V? 








=I (R24 : 

(œC)? 
Ya 2 1 Z E = 1 
7 = ae A C Xe = Ge) 


Which is the effective resistance of L — C 
circuit and is called its ‘impedance’. 
Phase angle : 


X 
=AL 
tan = + 
(ac) 
X oC 
eee, We | ee 
o = tan Ae | tan R 
1 
= -1 
b = tan RoC 


53. (i) When an AC source is connected to an ideal 
inductor show that the average power 
supplied by the source over a complete 
cycle is zero. 


(ii) A lamp is connected in L 
series with an 
inductor and an AC 
source. What happens 
to the brightness of 
the lamp when the key is plugged in and an 
iron rod is inserted inside the inductor? 
Explain. (All India) 

Ans. (i) Pay = Ip X em COS 0 = Iny X Eny cos ọ 


Lamp 


For an ideal inductor, ọ = 
T T 
Pio = li X Em COS z Oe, = 0 


P =g 


av 
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54. 


Ans. 


55. 


Ans. 


56. 


(ii) Brightness decreases because as iron rod is 
inserted its value of inductance increases. 
Thus, current decreases and also brightness 
decreases. 

Derive the expression for the average power 
dissipated in a series LCR circuit for an ac 
source of a voltage, v = v,, sinwt, carrying a 
current, i = i, sin(@t + 9). 

Hence define the term “Wattless current”. State 
under what condition it can be realized in a 
circuit. (Comptt. Delhi) 
Refer to Q. 48, Page 144 

Obtain the expression for the magnetic energy 
stored in an ideal inductor of self inductance L 
when a current I passes through it. 

Hence obtain the expression for the energy 
density of magnetic field B produced in the 
inductor. 

Expression for Magnetic Energy density in an 
ideal inductor : 

Instantaneous induced emf in an inductor when 
current changes through it 


g= MA 
dt 
Hence instantaneous applied voltage 
pV = Le 
dt 


Work done dW = V.dq = VIdt 
dW = 1 ta 
dt 
dW = LIdI 


I 
5 faw = {ul dl 
0 


w = Ir 
2 


Energy Density (u) = Total Energy Stored 


|e 1 
= -~ (LDI 
u = Ge -2 Ò 


Volume 





Al Al 
Flux = NBA = (LI) colt) 
Pr: E ee eee dit 
HoN 


Putting the values of (LI) and (I) from equations 
(ii) and (iti) in equation (i), we have 
1 nea). 
2 UoN _ B2 

Al 7 2uo 
The current, in the LCR circuit shown in the 
figure is observed to lead the voltage in phase. 
Without making any other change in the circuit, 
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Uu = 


a capacitor, of capacitance Cy is (appropriately) 
joined to the capacitor C. This results in making 
the current, in the ‘modified’ circuit, flow in 
phase with the applied voltage. 


L 


V = V sin œż 


Draw a diagram of the ‘modified’ circuit and 

obtain an expression for C, in terms of œ, L and 

C. (Comptt. All India) 
Ans. Since the current leads the voltage in phase, 

hence, Xe > X; 

For resonance, we must have 

New value of X'e = X, 

We, therefore, need to decarease the value of Xe = 


(ac) 


This requires an increase in the value of C. Hence, 
capacitor C, should be connected in parallel 
across C. 

The diagram of the modified circuit is shown. 
For resonance, we then have 


Cy 
L C R 
V = V, sin wf 
C S = OL = o(C + C) x œL = 1 
w(C + Co) 


1 
= OLC+G)=1 «C= C] 

57. A 200 mH (pure) inductor, and a 5uF (pure) 
capacitor, are connected, one by one, across a 
sinusoidal ac voltage source V = [70.7 sin (1000 
t)] voltage. Obtain the expressions for the 
current in each case. (Comptt. All India) 

Ans. Given: For the applied voltage V = 70.7 sin (1000 t), 
we have V, = 70.7 volts, œ = 1000 sl 
(i) For the inductor, the peak value of current 
(ip) is : 
-Y 70.7 
Ue ee re aa 
œL (1000) x(200x10~) 
= 35.35 x 107 A = 0.3535 A 

Expression for current is i = (0.3535) sin 


-1000# 7 4 , i e sin ot -2) 


(ii) For the capacitor, the peak value of current 


Q 


(ip) is 
Join 
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= _Vo_ = Vo-@c 


in = 7 
‘a 
= (70.7) x (1000) x (5 x 10% A) 


= 353.5 x 10” A = 0.3535 A 
Expression for current is 


i = (0.3535) sin 10001 m 4 


page 


58. (i) Find the value of the phase difference 


between the current and the voltage in the 
series LCR circuit shown here. Which one 
leads in phase: current or voltage? 


L=100mH C=2uF R=400Q2 


V = V, sin (1000 ¢ + ) 

(ii) Without making any other change, find the 
value of the additional capacitor C,, to be 
connected in parallel with the capacitor C, 
in order to make the power factor of the 
circuit unity. (Delhi) 

Ans. Given :L = 100 mH = 100 x 10° H, 
C= 20F =2% 10° F 
R = 400 Q, V = V, sin (1000 ¢ + ọ) 
(i) X; = œL = (1000 x 100 x 10°) Q = 100 Q 


Xo = ==(— 5 | Q = 5002 

aC 1000 x 2 x 10 
The current L leads the voltage V by an 
angle þ, where 


aie Xo =X 500-100 _ 


400 


=> tan ọ = 1 


T 
= — = 45° 
j + 


As Xç > X; , (phase angle is negative), hence 
current leads voltage. 

(ii) To make power factor unity, = 0°, hence we 
need to adjust C to a new value C’, the 
condition is : 

Xe = X = 100 Q 
Thus, phase angle is 45° with the current 
leading the voltage. 
To make power factor unity, we need to have 
Xç also equal to 100 Q. For this, C needs to 
have a value of 10 u. 
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We, therefore, need to put an additional 
capacitor of (10 — 2), i.e., 8 uF in parallel 
with the given capacitor. 


Long Answer Type Questions (LA) 


59. 


(5 Marks) 


An a.c. source generating a voltage v = v,, sin of 


Ans. 


is connected to a capacitor of capacitance C. Find 
the expression for the current, i, flowing 
through it. Plot a graph of v and i versus wt to 
show that the current is 7/2 ahead of the voltage. 
A resistor of 200 Q and a capacitor of 15.0 uF are 
connected in series to a 220 V, 50 Hz a.c. source. 
Calculate the current in the circuit and the rms 
voltage across the resistor and the capacitor. Is 
the algebraic sum of these voltages more than 
the source voltage? If yes, resolve the paradox. 
(All India) 

(a) Voltage applied to the capacitor, v = v, sin 


wt ase) 
Let instantaneous voltage across the 
capacitor = v 

we have, v = a 

According to C 


Kirchoffs loop rule, 
the voltage across 
the source and the 
capacitor are equal 





at any instant of 
time. 
l o g _ l 
v,, sin œt = — = q = Cv, sin ot 
d 
“1 = @ Cu, cos wt 
dt 
d 
= “1 = _% cos it[*.. cos œt = sin(wt + 1/2] 
dt 1/@C 


i =i, sin (wt + 7/2) 


(ü) 
— Om 
m= 17a C) 


From equations (7) and (ii) we conclude that 
current leads the voltage by a phase angle of 
1/2, 


Vi1 


Vo \ 
Ip (~~. N y 
0 s j 

\\ J T/ 

NA at 2 >V 


i either 


where |í 





























or 





v 


V 
Phasor diagram 
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(b) R = 200 Q, C = 15.0 uF = 15.0 x 10% F, 
Ving = 220V, J=50 Hz 
1 1 
X = = —— 
0) C 2nfC — 2x3.14x 50x 15.0 x10% 
= 22a 
Z = R? +X¢? = (200)? + (212.3)? 
= 2915 Q 
*. Current in the circuit, 
L = Yims = 220V_ _ 9.755 A 
ms Z  291.5Q 


(ii) As the current is same throughout the 
series circuit, we have 


ve =1 R= 0.755 x 200 = 151 V 
rms MS 
C 

VO = Ting Xe = 0.755 X 212.3 = 160.3 V 


The algebraic sum of the two voltages, 
Vp and V¢ is 311.3 V which is more than 
the source voltage of 220 V. These two 
voltages are 90° out of phase. These 
cannot be added like ordinary numbers. 
The voltage is obtained by using 
Pythagoras theorem, 


We Ver 

(151)? + (160.3)* = 220 V 
Thus if the phase difference between two 
voltages is properly taken into account, 
the total voltage across the resistor and 
the capacitor is equal to the voltage of the 
source. 


VRac = 


60. Explain briefly, with the help of a labelled 


Ans. 


diagram, the basic principle of the working of 
an a.c. generator. 
In an a.c. generator, coil of N turns and area A is 
rotated at v revolutions per second in a uniform 
magnetic field B. Write the expression for the 
emf produced. 
A 100-turn coil of area 0.1 m? rotates at half a 
revolution per second. It is placed in a magnetic 
field 0.01 T perpendicular to the axis of rotation 
of the coil. Calculate the maximum voltage 
generated in the coil. (All India) 
(a) Principle of A.C. generator : The working of 
an a.c. generator is based on the principle of 
electromagnetic induction. When a closed 
coil is rotated in a uniform magnetic field 
with its axis perpendicular to the magnetic 
field, the magnetic flux linked with the coil 
changes and an induced emf and hence a 
current is set up in it. 
Let N = number of turns in the coil 
A = Area of face of each turn 
B = magnitude of the magnetic field 


(b) 


WW.JEEBOOKS.IN 


© = angle which normal to the coil makes 


— 
with field B at any instant t 
œ =the angular velocity with which coil 
rotates 


Coil — Axle 





Carbon 
brushes 


The magnetic flux linked with the coil at any 
instant t will be, 

ò = NAB cos 0 = NAB cos œt 
By Faraday’s flux rule, the induced emf is 
given by, 

E=- =! NAB (cos of) 

dt dt 

E = NAB (sin œt). œ 
= E = Eù sin of ...where [E, = NABO 
When a load of resistance R is connected 


across the 
terminals, a current I flows in the external 
circuit. 
i ees I) sin ot 
R R 
ileal Eo 
Ip = = 
R 


(c) v = 0.5 Hz; N = 100; A = 0.1 m; B = 0.01 T 
Cmax = NAB (270) 
Cmax = 100 x 0.01 x 0.1 x (27 x 0.5) 
Cmax = 0.314 volt 


61. (a) Derive an expression for the average power 
consumed in a series LCR circuit connected 
to a.c. source in which the phase difference 
between the voltage and the current in the 
circuit is @. 

Define the quality factor in an a.c. circuit. 
Why should the quality factor have high 
value in receiving circuits? Name the 
factors on which it depends. (Delhi) 
Let an alternating current I = I„ sin wt be 
passing through a network of L, C and R 
creating a potential difference of V = V,, sin 
(wt + >) where 6 is the phase difference. 
Then the power consumed is 


(b 


we 


Ans. (a 


Q 


Ne 
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P = VI = V„ I„ sin (wt + ọ) sin œt 
= V „ Iņ (sin wt cos ọ + cos œt sin 6) sin œt 


= V „ I„ (sin? œt cos > + 5 sin 2œt sin Q) 





f 

Pdt 

Poo = 7 = Yrm 
fat 
0 


E | sin? wt cos ¢ dt + 5 | sinosin 20t a 


V„I 
Poo = Yrm | Z cos¢-+0 


T T 
; | sin? wt dt = - and [sin 2ot dt = 


0 0 


av 


a Faa = N ms l cos o 

(b) Quality factor should be high to have the 
current corresponding to a particular 
frequency to be more and to avoid the other 
unwanted frequencies. Q-factor depends on 
faglvaR and C. 
Sharpness of resonance is determined by 
quality factor (Q) of the circuit i.e., 

o-2L_ 1 1f 
R  @CR RYC 

Larger the value of Q, 
Sharper is the resonance i.e. sharper peak in 
the current. 

62. (a) Derive the relationship between the peak 
and the rms value of current in an a.c. 
circuit. 

(b) Describe briefly, with the help of a labelled 

diagram, working of a step-up transformer. 

A step-up transformer converts a low 

voltage into high voltage. Does it not 

violate the principle of conservation of 

energy? Explain. (Delhi) 

Ans. (a) R.M.S. value of current say I = I,, sin œt is 
given by 


V_1 
P SeA 








L, |t(1-cos2mt),, In | [T]_ In 
aed (=| |= 


where [I,, is the peak value of current] 
(b) The supply of ac to the primary will bring a 
varying flux in the secondary causing emf. 
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Since fo ~ Ne and £g œ aS the emf induced 


in the secondary flux will be more than the 
primary as the condition Ng > Np is satisfied. 
Production of high voltage does not violate 
the law of conservation of energy as the 
current will be reduced in the process. 


(i) V = XL It is ahead of current I in phase 
by 90°. 
(ii) Vp = RI. It is in phase with current I. 
(iii) Vo = XI. It lags behind the current in 
phase by 90°. 


— 
As it is evident from the figure, V, and 
— 


Vc are in opposite directions. Hence their 
—> —> 
resultant will be (V; - Vc). Using the law 
= > > 
of parallelogram, Vp and (V,-Vc)’s 


resultant is equal to the applied emf ©, 
as given by the diagonal of the 
parallelogram. 

Eq SIN wt 





Primary fs 
leakage flux Secondary 
Ns > Np leakage flux 
As Vs > Vp with Ne > Np, Ig will become less 
than Ip. 





Figure 1 Figure 2 


63. Describe briefly, with the help of a labelled 
diagram, the basic elements of an a.c. generator. 
State its underlying principle. Show diagra- 
muinatically how an alternating emf is generated 
by a loop of wire rotating in a magnetic field. Write 
the expression for the instantaneous value of the 
emf induced in the rotating loop. (Delhi) 

Ans. Refer to Q. 60, Page 148 
Diagram of how an alternating emf is generated 
by a loop of wire 


In Figure 2, from triangle, 
2 > > 
as Vr = iR, Vi =1X,, Ve = iXc 
e? = 77 [R? + (X, - Xo)7] 


or Ë= [R2 +(X; - Xc)? 
1 


Clearly Ë is the effective resistance of the 


series LCR circuit and is called its 
impedance (Z) 


emf 
Z = JR? +(X; - Xc)? 


64. A series LCR circuit is connected to an a.c. pos (ol E 1) 
source having voltage v = v, sin wt. œC 
Derive the expression for the instantaneous [-- X, = œL and Xo = 7 
current I and its phase relationship to the 
applied voltage. 
Obtain the condition for resonance to occur. Define 
‘power factor’. State the conditions under which 
it is (i) maximum and (ii) minimum. (Delhi) (b) As = = Z (known as impedence) 

Ans. (a) Suppose a resistance R, an inductance L and ' 
capacitance C are connected in series to a Z = M R* A G 


source of alternating emf € given by We brow that =o a 
€ = & sin wt L — ’ 


t—> 


When X; = Xç, the voltage and current are 
in the same phase. In such a situation, the 
circuit is known as non-inductive circuit. 





when o = 2nf 


2 
Z= Refor- ) 


VR ERI > L EXI > e E Ad > 


oC 


Wher = hob = == O= 1 


oC JLC 
(c) Phase angle þ can be determined by 
we 
Vr 





Let I be the instantaneous value of current in 
the series circuit. Then voltage across the 
three components are 
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65. 


Ans. 


as X; > Xc, because in a LCR series circuit V 
leads I 
= Xc 


X 
tan o = = 


Impedance, Z = JR? + Xi- Xo)? 


For resonance Xr = Xc 


Z = /R2 =R 
Hence for the condition of resonance, impedance 
is equal to resistance. 
Power factor : P =E, I, cos ọ 


...where | P is called true power, 
(E, I,) is called apparent power or virtual power 


cos @ is called power factor of the circuit 


true power (P) 


Power factor = = cos o 


apparent power (E,,I., ) 

(i) Power factor is maximum when the circuit 
contains only resistance R. In that case ọ = 0, 
cos @ = 1. 

(11) Power factor is minimum when the circuit 
contains purely capacitive or inductive circuit. In 
this case cos p = 0 and no power is dissipated 
even though a current is flowing in the 
circuit. 

Draw a schematic diagram of a step-up 
transformer. Explain its working principle. 
Deduce the expression for the secondary to 
primary voltage in terms of the number of turns 
in the two coils. In an ideal transformer, how is 
this ratio related to the currents in the two coils? 
How is the transformer used in large scale 
transmission and distribution of electrical 
energy over long distances? (All India) 
A transformer is an electrical device for 
converting an alternating current at low voltages 
into that at high voltage or vice versa. 

If it increases the input voltage, it is called step- 
up-transformer. 





Laminated iron core 


Principle : It works on the principle of mutual 
induction i.e., “when a changing current is passed 
through one of the two inductively coupled coils, an 
induced emf is set up in the other coil.” 

Working : As the alternating current flows 
through the primary, it generates an alternating 
magnetic flux in the core which also passes 
through the secondary. This changing flux sets up 
an induced emf in the secondary, also a self- 
induced emf in the primary. If there is no leakage 
of magnetic flux, then flux linked with each turn 
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of the primary will be equal to that linked with 
each turn of the secondary. 


meN = and V,=—-N, & 


” i e 

...where [N, and N, are number of turns in the primary 
and secondary respectively, 

Vp and V, are their respective voltages] 

Vo Neo 

Vv. Na . (7) 

P P 


, Ne. , 
This ratio TN is called the turns ratio. 
P 


Assuming the transformer to be ideal one, so that 
there are no energy losses, then 
Input power = output power 
Velp = Volg 
...where [Ip and I, are the current in the primary and 
secondary respectively 


V I 7 
at ...(11) 
Vp dg 
, I V. N 
From (i) and (ii), we get = = — = — 
Is Vp Np 


In a step up transformer, Ns > Np ie., the turns 
ratio is greater than 1 and therefore V, > Vp. 
The output voltage is greater than the input 
voltage. 
Main assumptions : 
(i) The primary resistance and current are small. 
(ii) The same flux links both with the primary 
and secondary windings as the flux leakage 
from due core is negligible (small). 
(iii) The terminals of the secondary are open or 
the current taken from it, is small. (any two) 
For long distance transmission, the voltage output 
of the generator is stepped-up (so that current is 
reduced and consequently, IR loss is reduced). It 
is transmitted over long distance and is stepped- 
down at distributing substations at consumers’ 
end. 


66. (i) With the help of a labelled diagram, 


describe briefly the underlying principle 
and working of a step-up transformer. 

(ii) Write any two sources of energy loss in a 
transformer. 

(iii) A step up transformer converts a low input 
voltage into a high output voltage. Does it 
violate law of conservation of energy? 
Explain. (Delhi) 

(i) Refer to Q. 65, Page 151 
(ii) Two sources of energy loss in a transformer : 
1. Copper loss : Some energy is lost due to 
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heating of copper wires used in the primary 
and secondary windings. This power loss 
(= PR) can be minimised by using thick 
copper wires of low resistance. 

2. Eddy current loss The alternating 
magnetic flux induces eddy currents in 
the iron core which leads to some energy 
loss in the form of heat. This loss can be 
reduced by using laminated iron core. 

(iii) No, a step up transformer does not violate 
law of conservation of energy because 
whatever is gained in voltage ratio is lost in 
the current ratio and vice-versa. It steps up the 
voltage while it steps down the current. 

Derive an expression for the impedance of a 

series LCR circuit connected to an AC supply of 
variable frequency. 

Plot a graph showing variation of current with 

the frequency of the applied voltage. 

Explain briefly how the phenomenon of 

resonance in the circuit can be used in the 
tuning mechanism of a radio or a TV set. (Delhi) 

Expression for impedance: Refer to Q. 61 (a), 

Page 149 

Resonant circuit can be used in the tuning 

mechanism of a radio or a TV set. 





œ, Mrad/s—> 


The antenna of a radio accepts signals from many 
broadcasting stations. The signals picked up in the 
antenna acts as a source in the tuning circuit of the 
radio, so the circuit can be driven at many 
frequencies. But to hear one particular radio 
station, we tune the radio. In tuning, we vary the 
capacitance of a capacitor in the tuning circuit such 
that the resonant frequency of the circuit becomes 
nearly equal to the frequency of the radio signal 
received. When this happens, the amplitude of the 
current with the frequency of the signal of the 
particular radio station in the circuit is maximum. 
State the working of a.c. generator with the help 
of a labelled diagram. 

The coil of an a.c. generator having N turns, each 
of area A, is rotated with a constant angular 
velocity @. Deduce the expression for the 
alternating emf generated in the coil. 
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Ans. 


What is the source of energy generation in this 
device? (All India) 
AC generator : A dynamo or generator is a device 
which converts mechanical energy into electrical 
energy. It is based on the principal of 
electromagnetic energy into electrical energy. It is 
based on the principle of electromagnetic 
induction. 

Construction : It consists of the four main parts : 

(i) Field Magnet : It produces the magnetic 

field. In the case of a low power dynamo, the 
magnetic field is generated by a permanent 
magnet, while in the case of large power 
dynamo, the magnetic field is produced by 
an electromagnet. 

(ii) Armature : It consists of a large number of 
turns of insulated wire in the soft iron drum 
or ring. It can revolve round an axle between 
the two poles of the field magnet. The drum 
or ring serves the two purposes : (i) It serves 
as support to coils and (i) It increases the 
magnetic field due to air core being replaced 
by an iron core. 

(iii) Slip Rings : The slip rings R} and R, are the 
two metal rings to which the ends of 
armature coil are connected. These rings are 
fixed to the shaft which rotates the armature 
coil so that the rings also rotate along with 
the armature. 

(iv) Brushes : These are two flexible metal plates 
or carbon rods (B, and B,) which are fixed 
and constantly touch the revolving rings. The 
output current in external load RL is taken 
through these brushes. 

Working : When the armature coil is rotated in 
the strong magnetic field, the magnetic flux 
linked with the coil changes and the current is 
induced in the coil, its direction being given by 
Fleming’s right hand rule. Considering the 
armature to be in vertical position and as it 
rotates in anticlockwise direction, the wire ab 
moves upward and cd downward, so that the 
direction of induced current is shown in fig. In 
the external circuit, the current flows along 
B,R,B,. The direction of current remains 
unchanged during the first half turn of armature. 
During the second half revolution, the wire ab 
moves downward and cd upward, so the 
direction of current is reversed and in external 
circuit it flows along B,R, B4. Thus the direction of 
induced emf and current changes in the external 
circuit after each half revolution. 
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I 
iœ Armature 
I 


b LD 





S 
Field magnet 


Slip rings 


Na ' B, 


Numerical : 
N = number of turns in the coil 
A = area enclosed by each turn of coil 
B = strength of magnetic field 
0 = angle, which is normal to the coil, makes 
with B at any instant t 
Magnetic flux linked with the coil in this 
position 


> > 
ò= N (B.A) = NBA cos @ 





n , 
where n is 
normal vector 


If the coil rotates with an angular velocity œ and 
turns through an angle 0 in time t 
0 = wt = b = NBA cos ot 


€ = -2 NAB o sin ot 


€ = £ sin 2nvt 


Source of energy : This induced emf is the source 
of energy generations in this device. 


. € = + £ sin ot 


69. (a) A voltage V = V, sin wt applied to a series 
LCR circuit drives a current i = i) sin ot in 
the circuit. Deduce the expression for the 
average power dissipated in the circuit. 

(b) For circuits used for transporting electric 
power, a low power factor implies large 
power loss in transmission. Explain. 

(c) Define the term ‘wattless current’. 

(Comptt. Delhi) 


Join 
@booksforcbse 


for more. 





Ans. 


70. 


Ans. 
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(a) 


(b) 
(c) 


(a) 


(b) 


(a) 


153 


V = Vo sin at, 
Instantaneous power = 
VI = (Vo sin œt) (ip sin œt) = Voip sin*at 
If the instantaneous power remains constant 
for a small time dt 
then small amount of work done in maintain- 
ing the current for a small time dt is, 
dW = Voip sin? wtdt 
Total work done or energy spent in maintain- 
ing current over one full cycle, 


—_ Ip sin ot 


T 
W = | Voto sin? cot dt 
0 


T 
1—cos2 wt 
or W = Vio | Gara Ja 
0 











1 T -T 
or W = “ovo fat- oto f cos2ot dt 
0 0 
> W= ovo T-0 


Average power supplied to R over a 
complete cycle, 


TRE 
Voy. 1 : 
pas a LE 


Refer to Q. 65, Page 151 

Wattless current. The current which 
consumes no power for its maintenance in 
the circuit is called wattless current or idle 
current. 


= 


T 2 





As Vm = 


An ac source of voltage v = v, sin œt is 
connected across a series combination of an 
inductor, a capacitor and a resistor. Use the 
phasor diagram to obtain the expression for 
(i) impedance of the circuit and (ii) phase 
angle between the voltage and the current. 
A capacitor of unknown capacitance, a 
resistor of 100 Q and an inductor of self- 
inductance L = (4/n*) henry are in series 
connected to an ac source of 200 V and 50 
Hz. Calculate the value of the capacitance 
and the current that flows in the circuit 
when the current is in phase with the 
voltage. (Comptt. All India) 
(i) Impedance of circuit : The effective 
resistance offered by a series LCR circuit 
is called its impedance. 
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—— |< — 


———— 
Vi.=XI Vo=Xol Va_=IR 





Figure 1 
Suppose an inductance L, capacitance C 
and resistance R are connected in series 
to a source of alternating emf, V = V, sin 
(ot. 
Let I be the instantaneous value of 
current in the series circuit. 
Then voltages across the 
components are : 


three 


aa > 
(i) Vi =X 1. Itis ahead of current I in 
phase by 90° 


—> > 
(ii) Ve = Xcel. It lags behind the 
current I in phase by 90° 


ad > 
(iii) Vp = RI . Itis in phase with current 





I. 
These voltages are shown in the phasor 
in Figure 2. 
V 
Vi-Vo 
Vo 
y Figure 2 
— > 


As V, and V¢ are in opposite directions, 


= —> —> 
their resultant is OD = V; - Vc, in the 


positive Y-direction. 
By parallelogam law, the resultant voltage 
is, 


V = OP = JOA? +0D? 
= |Vp? + (V, - Vo} 


Clearly V/I is the effective resistance of 
the series LCR circuit and is called its 
impedance (Z). 


Z = JR? iro 
Join 


@booksforcbse 
for more. 
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71. 


Ans. 


1 
= R?+(oL-—| 
oC 





eS Xi, = 0L 
Xc =1/ 0G 


(ii) Phase angle between voltage and current : 


Phase angle, o = tan"! (AL Xe 


R 
(b) When current is in phase with voltage, R = Z 
= eS L T * Current = 2 A 
Z R 100 
For resonance or in phase, Xo = X; 
oC 
C= xŻ [= @ = 2y 
O L 
~ 1 Loo ISI eaaa 
=> Le Gnv? x De m [vv = 50Hz 
= = 25 F [Given L = 4/> 


16 x 50 x 50 

(a) Explain with the help of a labelled diagram, 

the principle and working of a transformer. 

Deduce the expression for its working 

formula. 
(b) Name any four causes of energy loss in an 
actual transformer. (Comptt. All India) 
Principle. It is a device which converts high 
voltage a.c. into low voltage a.c. and vice 
versa. It is based upon the principle of mu- 
tual induction. When alternating current 
passes through a coil, an induced emf is set 
up in the neighbouring coil. 
Construction. A transformer consists of two 
coils of many turns of insulated copper wire 
wound on a closed laminated iron core. One of 
the coils known as Primary ‘P’ is connected to 
A.C. supply. The other coil known as 
Secondary ‘S’ is connected to the load. 
Working. When an alternating current passes 
through the primary, the magnetic flux 
through the iron core changes which does two 
things. It produces emf in the primary and an 
induced emf is also set up in the secondary. If 
we assume that the resistance of primary is 
negligible, the back emf will be equal to the 
voltage applied to the primary. 


(a 


i na i 


d d 
Vp =-Np & and V; = - T 


Np and N, are number of turns in the primary 
and secondary respectively.Vp and Vg are their 
respective voltages 
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where 





Laminated Core 


This ratio = is called the turns ratio. 
P 

In a step-up transformer: Ng > Np ~. Vs > Vp 
In a step-down transformer: Ng < Np -. Vs < Vp 
(b) Four causes of energy loss : 

(i) Magnetic flux loss 

(ii) Hystersis loss (iii) Iron loss 

(iv) Losses due to the resistance of primary 

and secondary coils. 


72. (a) Draw a schematic sketch of an ac generator 
describing its basic elements. State briefly 
its working principle. Show a plot of 
variation of 

(i) Magnetic flux and 

(ii) Alternating emf versus time generated by 

a loop of wire rotating in a magnetic 

field. 

(b) Why is choke coil needed in the use of 
fluorescent tubes with ac mains? (Delhi) 

(a) AC generator. Refer to Q. 60 (a) and (b), 
Page 148 

(i) Graph between magnetic flux and time, 
according to equation (i), shown below 
in Graph (i) 

(ii) As the coil rotates, angle © changes. 
Therefore, magnetic flux ọ linked with 
the coil changes and an emf is induced in 
the coil. At this instant t, if e is the emf 
induced in the coil, then 

dð _ 
-7 = 


Ans. 


e = 4 (NAB cos œt) 


— S -NAB © (cos ot) 
=> e = -NAB(-sin wt) @ 
ò = NAB o sin ot 


(iii) The graph between alternating emf 
versus time is shown below in Graph (ti). 


o> 


Alternating emf 





Graph (1) 


Q 


Graph (ii) 


Join 
@booksforcbse 


for more. 





Chapter 7 : ALTERNATING CURRENT 155 


(b) A choke coil is an electrical appliance used 
for controlling current in an a.c. circuit. 
Therefore, if we use a resistance R for the 
same purpose, a lot of energy would be 
wasted in the form of heat etc. 

A series LCR circuit is connected to an a.c. 

source of variable frequency. Draw a 

suitable phasor diagram to deduce the 

expressions for the amplitude of the current 
and phase angle. 

(b) Obtain the condition at resonance. Draw a 
plot showing the variation of current with 
the frequency of a.c. source for two 
resistances R, and R, (R, > R,). Hence 
define the quality factor, Q and write its 
role in the tuning of the circuit. 

(Comptt. Delhi) 


73. (a 


Vw 


Ans. (a) Refer to Q. 64, Page 150 
(b) Refer to Q. 44 Page 143 
74. (a) Draw a labelled diagram of a.c. generator 
and state its working principle. 

(b) How is magnetic flux linked with the 
armature coil changed in a generator? 

(c) Derive the expression for maximum value 
of the induced emf and state the rule that 
gives the direction of the induced emf. 

(d) Show the variation of the emf generated 
versus time as the armature is rotated with 
respect to the direction of the magnetic 
field. (Comptt. Delhi) 

Ans. For (a) and (b), Refer to Q. 60, Page 148 

(c) Direction of induced emf can be determined 

by using Fleming’s Left hand rule. 


(d) 


Induced : 
emf: 
T o 







360°: Time > 


j Ya Ye 3⁄4 

75. (a) Draw a schematic arrangement for winding 
of primary and secondary coil in a 
transformer when the two coils are wound 
on top of each other. 

(b) State the underlying principle of a 
transformer and obtain the expression for 
the ratio of secondary to primary voltage in 
terms of the 

(i) number of secondary and primary 
windings and 
(ii) primary and secondary currents. 

(c) Write the main assumption involved in 
deriving the above relations. 

(d) Write any two reasons due to which 
energy losses may occur in actual 
transformers. (Comptt. All India) 
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Ans. (a), (b) and (c). Refer to Q. 65, Page 151 
(d) Reasons due to which energy losses may 
occur : 
(i) Flux leakage 
(11) Losses due to the resistance of 
primary and secondary coils 
(iii) eddy currents (iv) hystersis 


76. (i) An a.c. source of voltage V = V, sin of is 
connected to a series combination of L, C 
and R. Use the phasor diagram to obtain 
expressions for impedance of the circuit 
and phase angle between voltage and 
current. Find the condition when current 
will be in phase with the voltage. What is 
the circuit in this condition called? 

(ii) In a series LR circuit X; = R and power 
factor of the circuit is P}. When capacitor 
with capacitance C such that X; = Xç is put 
in series, the power factor becomes P,. 





Calculate P,/P.. (Delhi) 
Ans. (i) Refer to Q. 70 (a), Page 153 
O Bece ee 
! JR2+X,2 VR2+R? 2R? 
R 1 
= ss = X = R 
ao [7XL =R] 


[+ Z = R at resonance] 


1 
i eo 
mR. 1 «2 

77. (i) Write the function of a transformer. State its 
principle of working with the help of a 
diagram. Mention various energy losses in 
this device. 

(ii) The primary coil of an ideal step up 
transformer has 100 turns and 
transformation ratio is also 100. The input 
voltage and power are respectively 220 V 
and 1100 W. Calculate 

(a) number of turns in secondary 
(b) current in primary 
(c) voltage across secondary 
(d) current in secondary 
(e) power in secondary 
(i) Refer to Q. 71, Page 154 

(ii) Given: N,= 100, r=100, V,,=220V, 

PS OWN =a 1,= % Ve=% I=? 
and P,=? 

(a) N, =r x N, = 100 x 100 = 10000 

(b) Input power (P,) = Input voltage x current 
in primary = V, x I 


(Delhi) 
Ans. 





1100 = 220 x I, = Ļ=5A 
Qo NeaNs _, Vs _ 10000 
Vv, N, 220 100 


= V, = 2.2 x 10t volts 
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I 
(d) Tao => 2 100 
I, Np L; 
g 


=> lI = — = 0.05 A 
100 


S 


(e) Power in secondary = Power in primary 

= 1100 W ...(given) 

78. (i) Draw a labelled diagram of a step-down 

transformer. State the priciple of its 
working. 

(ii) Express the turn ratio in terms of voltages. 

(iii) Find the ratio of primary and secondary 
currents in terms of turn ratio in an ideal 
ntransformer. 

(tv) How much current is drawn by the primary 
of a transformer connected to 220 V supply 
when it delivers power to a 110V - 550 W 
refrigerator? (All India) 


Ans. (i) (a) 





Output 


Labelled diagram of a step-down transformer : 


(b) Mutual Induction, which means 
“whenever an alternative voltage is 
applied in the primary windings/coil, 
an emf is induced in the secondary 
windings (Coil).” 


(ii) Turn ratio : Ns | _ Vs 
N, Vy 


(iii) For an ideal transformer, 


1 
iV, =i,V, Wh, ea 
I. Vp Np 
Ta 
t N, 


(iv) We have LN a = į V, = 550 w ...(Given V, = 220 V) 


, = 550 _ 580 _5 a5, 

P Vp 240 2 

79. Discuss how Faraday’s law of e.m. induction is 
applied in an ac-generator for converting 
mechanical energy into electrical energy. 
Obtain an expression for the instantaneous 
value of the induced emf in an ac generator. 
Draw graphs to show the ‘phase relationship’ 
between the instantaneous (i) magnetic flux (0) 
linked with the coil and (ii) induced emf (e) in 
the coil. (Comptt. Delhi) 


WW.JEEBOOKS.IN 


Ans. 


80. 


Ans. 


81. 


Ans. 


Q 


Faradays law of e.m. induction and expression 
for instantaneous value of induced emf. 
Refer to Q. 60 (a) and (b), Page 148 





Graph : 
Graph for magnetic flux ọ 
T = NBAcosot 
, c 

(i) 
P 7/4 T 
T Graph for induced e.m.f. e 
© = NBAosinot 

(ii) 

x. 





Draw an arrangement for winding of primary 


and secondary coils in a transformer with two 
coils on a separate limb of the core. 
State the underlying principle of a transformer. 


Deduce the expression for the ratio of secondary 


voltage to the primary voltage in terms of the 
ratio of the number of turns of primary and 
secondary winding. For an ideal transformer, 


obtain the ratio of primary and secondary 


currents in terms of the ratio of the voltages in 
the secondary and primary voltages. 
Write any two reasons for the energy losses 
which occur in actual transformers. 

(Comptt. Delhi) 
Refer to Q. 71, Page 154 


(a) Draw a labelled diagram of AC generator. 
Derive the expression for the instantaneous 
value of the emf induced in the coil. 

(b) A circular coil of cross-sectional area 200 
cm? and 20 turns is rotated about the 
vertical diameter with angular speed of 50 


rad s! in a uniform magnetic field of 


magnitude 3.0 x 107 T. Calculate the 
maximum value of the current in the coil. 
(Delhi) 
(a) Refer to Q. 60, Page 148 
(b) Given : A = 200 cm? = 200 x 10+ m? 
N = 20 turns, w = 50 rad s“1, 
B=30x107T i=? 
Maximum value of emf (ep) 
= NBAw 
= 20 x (3.0 x 10-7) x (200 x 10-*) x 50 
= 600 x 10° V = 600 mV 
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82. 


Ans. 


83. 
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Maximum value of 1, = mA 
[| Numerical value of R is not given] 
Draw a labelled diagram of a step-up 
transformer. Obtain the ratio of secondary 
to primary voltage in terms of number of 
turns and currents in the two coils. 
A power transmission line feeds input 
power at 2200 V to a step-down transformer 
with its primary windings having 3000 
turns. Find the number of turns in the 
secondary to get the power output at 220 V. 
(Delhi) 


(a) 


(b) 


(a) Refer to Q. 65, Page 151 
(b) Given : V, = 2200 V, N, = 3000 turns, 





p 
V,=220V, N,=? 
N, V; N, _ 220 
N, V, 3000 2200 


N, = 300 turns 
A device ‘X’ is connected to an ac source V = V, 
sin œt. The variation of voltage, current and 
power in one cycle is shown in the following 
graph: 
(a) Identify the device ‘X’. 
(b) Which of the curves A, B and C represent 


the voltage, current and the power 
consumed in the circuit? Justify your 
answer. 





Ans. 


its 


(c) How does 
frequency of 
graphically. 

(d) Obtain an expression for the current in the 
circuit and its phase relation with ac voltage. 

(All India) 


impedance 
the ac source? 


vary with 
Show 


(a) The device X is a capacitor. 
(b) Curve B ——> voltage 
Curve C ——> current 


Curve A ——— power consumption over a 
full cycle. 
Reason: The current leads the voltage in 


phase, by a plane angle of - for a capacitor. 


1 1 
a eee ee 
= E +) 
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84. 


Ans. 


Q 
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(d) V = V, sin ot 
Q = CV = CV, sin œt 
C 


V = V, sin of 
[= i = WC Vo cos wt = I, sin{ or +Z] 


Current leads the voltage, in phase, by E 


Vw 


(a) Draw a labelled diagram of an ac generator. 
Obtain the expression for the emf induced 
in the rotating coil of N turns each of cross- 


sectional area A, in the presence of a 


— 
magnetic field B. 


(b) A horizontal conducting rod 10 m long 
extending from east to west is falling with 
a speed 5.0 ms at right angles to the 
horizontal component of the _ Earth’s 
magnetic field, 0.3 x 10? Wb m™. Find the 
instantaneous value of the emf induced in 
the rod. (All India) 
(a) Refer to Q. 60, Page 148 
(b) Given : l = 10 m, v = 5.0 ms”, 
B = 0.3 x 10# wb m~ 
Induced emf = BIV 
E = (0.3 x 10+) x (10) x (5) volt 
E=15x10°V=15 mV 
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85. In the given circuit, calculate (a) the capacitance 


Ans. 


of the capacitor, if the power factor of the circuit 
is unity, (b) the Q-factor of this circuit. What is 
the significance of the Q-factor in a.c. circuit? 
Given the angular frequency of the a.c. source 


to be 100/s. Calculate the average power 
dissipated in the circuit. (Comptt. Delhi) 
10 Q 200 mH 
R L C 
V =50 V 
Given: R = 10 Q, L = 100 mH = 100 x 10° H, 
V=50V, =100 s”! 
(a) As power factor is unity, 
X, = Xe 
S Os aes 
VLC 
100 = : 


200 x 10) x C 
Squaring both sides, we have 
10 <2 x10); x10? x C=1 
C = —+F = 05x 103 F = 0.5 mF 
2x10 


1 IL 
b lity factor, = — |— 
(b) Quality factor, Q Ric 


_ 1 {(@00x10°) _ 1 yop 
10\(05x10°) 10 
Significance: It measures the sharpness of 
resonance. 
Average Power dissipated— 
P = Te Lg COS 
= 50x 1 
[+ cos @ = 1 for power factor to be unity] 


= 250 watts 
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Time Allowed: 90 minutes Maximum Marks : 35 


GENERAL INSTRUCTIONS: 
(i) Question paper comprises three Sections — A, B and C. There are 35 questions in the question paper. All 
questions are compulsory. 
(11) Section A - Questions no. 1 to 12 are Multiple Choice Questions (MCQs). 
(iii) Section B - Questions no. 13 to 19 are Assertion-Reason type Questions. 
(iv) Section C - Questions no. 20 to 35 are Case Study Based MCQs. 
(v) The Answer sheet is inside this Test Booklet. When you are directed to open the Test Booklet, take out 


the Answer Sheet and fill in the particulars on SIDE-2 carefully with Blue/Black ball point pen only. In no 
case pencil is to be used. Read “General Instructions for Candidates” on SIDE-1 carefully. 
(vi) The candidate should ensure that the Answer Sheet is not folded. Do not make any stray marks on the Answer 


Sheet. Do not write your Roll Number anywhere else except in the specified space in the Test Booklet/Answer 
Sheet. 





SECTION-A (Multiple Choice Questions) 


1. Which of the following figures represent the electric field lines due to a single negative charge? 


(a) (b) 
c — 
— —— 
(c) <——O— (d) —©— 
<q — 
c — 


2. Two spherical conductors each of capacity C are charged to potential V and -V. These are then con- 
nected by means of a fine wire. The loss of energy is 


(a) zero (b) - cv2 (c) CV? (d) 2 CV? 


3. In the series combination of two or more than two resistances 
(a) the current through each resistance is same. 
(b) the voltage through each resistance is same. 
(c) neither current nor voltage through each resistance is same. 
(d) both current and voltage through each resistance are same. 


4. The rms value of potential difference V shown in the figure is 1 
Vo 
a) -= b) V 
( ) B ( ) 0 m 
Vo dy Yo l 
Ct Gi , 
T T i 
OMR-1 
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5. 


10. 


11. 


12. 


Two identical current carrying coaxial loops, carry current I in opposite sense. A simple amperian loop 
passes through both of them once. Calling the loop as C, then which statement is correct? 


> > 
(a) ¢B.dl = + 2uol 
Í > > 
(b) the value of $B.dl is independent of sense of C. 
C 


(c) there may be a point on C where B and dl are parallel. 
(d) none of these. 


. A current carrying loop is placed in a uniform magnetic field in four different orientations as shown in 


figure. Arrange them in the decreasing order of potential energy. 


i p SER 
D (2) 6) 4) 


(a) 4, 2,3,1 (b) 1, 4, 2,3 (c) 4,3, 2,1 (d 1,2,3,4 


. The north pole of a long bar magnet was pushed slowly into a short solenoid connected to a short 


galvanometer. The magnet was held stationary for a few seconds with the north pole in the middle of 
the solenoid and then withdrawn rapidly. The maximum deflection of the galvanometer was observed 
when the magnet was 


(a) moving towards the solenoid (b) moving into the solenoid 
(c) at rest inside the solenoid (d) moving out of the solenoid 
. When a metal conductor connected to left gap of a meter bridge is heated, the balancing point 
(a) shifts towards right (b) shifts towards left 
(c) remains unchanged (d) remains at zero 


= 
. An electric dipole of moment p is placed in a uniform electric field E. Then 


(i) the torque on the dipole is p x E 


(ii) the potential energy of the system is P.E 
(111) the resultant force on the dipole is zero. 


Choose the correct option. 


(a) (i), (ii) and (iii) are correct (b) (i) and (iii) are correct and (ii) is wrong 

(c) only (i) is correct (d) (i) and (ii) are correct and (iii) is wrong 

If number of turns in primary and secondary coils is increased to two times each, the mutual inductance 
(a) becomes 4 times (b) becomes 2 times 

(c) becomes | times (d) remains unchanged 


When a magnetic compass needle is carried nearby to a straight wire carrying current, then 
I. the straight wire cause a noticeable deflection in the compass needle. 
II. the alignment of the needle is tangential to an imaginary circle with straight wire as its centre and has 
a plane perpendicular to the wire. 





(a) (I) is correct (b) (II) is correct 
(c) both (I) and (II) are correct (d) neither (I) nor (II) is correct 
In series LCR circuit, the phase angle between supply voltage and current is 
X-X R 
(a) tang = 2L ^C (b) tan ọ = 
R XL -Xc 
(c) tan o X, + X (d) tan o E 
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SECTION-B (Assertion-Reason Questions) 


DIRECTION: Read the two statements Assertion (A) and Reason (R) carefully to mark the correct option out 
of the options given below: 

(a) Assertion and Reason both are correct statements and Reason is correct explanation for Assertion. 

(b) Assertion and Reason both are correct statements but Reason is not correct explanation for Assertion. 

(c) Assertion is correct statement but Reason is wrong statement. 

(d) Assertion is wrong statement but Reason is correct statement. 


13. 


14. 


15. 


16. 


I: 


18. 


19. 


Assertion (A): The surface densities of two spherical conductors of different radii are equal. Then the 
electric field intensities near their surface are also equal. 
Reason (R): Surface charge density is equal to charge per unit area. 


Assertion (A): Aclinic lines on the magnetic map represents lines of equal dip. 

Reason (R): When the horizontal and vertical components of the earth magnetic field are equal, the angle 
of dip is 45°. 

Assertion (A): Fuse wire must have high resistance and low melting point. 

Reason (R): Fuse is used for small current flow only. 

Assertion (A): When two coil are wound on each other, the mutual induction between the coils is maximum. 
Reason (R): Mutual induced does not depend on the orientation of the coils. 

Assertion (A): When air between the plates of a parallel plate condenser is replaced by an insulating 
medium of dielectric constant its capacity increases. 

Reason (R): Electric field intensity between the plates with dielectric in between it is reduced. 


Assertion (A): A bulb connected in series with a solenoid is connected to A.C. source. If a soft iron core is 
introduced in the solenoid, the bulb will glow brighter. 
Reason (R): On introducing soft iron core in the solenoid, the inductance decreases. 


Assertion (A): The magnetic field at the centre of circular coil carrying current changes, if the current 
through the coil is doubled. 
Reason (R): The magnetic field intensity is dependent on current in conductor. 


SECTION-C (Case Study Based Questions) 


Read the given para and answer the following MCQs by choosing the most appropriate options (Question No. 
20 to 23): 


20. 


21. 


22. 


Mutual inductance. Mutual inductance is the phenomenon of inducing 

emf in a coil, due to a change of current in the neighbouring coil. The 

amount of mutual inductance that links one coil to another depends 

very much on the relative positioning of two coils, their geometry and == 

relative separation between them. Mutual inductance between the two 

coils increase u, times if the coils are wound over an iron core of relative 

permeability ,. 

A short solenoid of radius a, number of turns per unit length n,, and length L is kept coaxially inside 
a very long solenoid of radius b, number of turns per unit length n,. What is the mutual inductance of 
the system? 

(a) wonb2n nL (b) noran L? 

(c) ugrana L (d) ugnb2n nL? 

If a change in current of 0.01 A in one coil produces a change in magnetic flux of 2 x 10? weber in 
another coil, then the mutual inductance between coils is 

(a) 0 (b) 0.5 H (c) 2 H (d) 3H 

Mutual inductance of two coils can be increased by 

(a) decreasing the number of turns in the coils 

(b) increasing the number of turns in the coils 
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(c) winding the coils on wooden cores 
(d) none of these. 
23. When a sheet of iron is placed in between the two co-axial, then the mutual inductance between the coils 


will 
(a) increase (b) decrease 
(c) remains same (d) cannot be predicted 


Read the given para and answer the following MCQs by choosing the most appropriate options (Question No. 
24 to 27): 


An arrangement of two conductors separated by an insulating medium can be used to store electric charge 
and electric energy. Such a system is called a capacitor. The more charge a capacitor can store, the greater 
is its capacitance. Usually, a capacitor consists of two capacitors having equal and opposite charge + Q and 
-Q. Hence, there is a potential difference V between them. By the capacitance of a capacitor, we mean the 
ratio of the charge Q to the potential difference V. By the charge on a capacitor we mean only the charge Q 
on the positive plate. Total charge of the capacitor is Zero. The capacitance of a capacitor is a constant and 
depends on geometric factors, such as the shapes, sizes and relative positions of the two conductors, and the 
nature of the medium between them. The unit of capacitance Farad (F), but the more convenient units are uF 
and pF. A commonly used capacitor consists of two long strips or metal foils, separated by two long strips 
of dielectrics, rolled up into a small cylinder. Common dielectric materials are plastics (such as polyester and 
polycarbonate) and aluminum oxide. Capacitors are widely used in television, computer, and other electric 
circuits. 


24. A parallel plate capacitor is charged. If the plate are pulled apart, 
(a) the capacitance increases. 
(b) the potential difference increases. 
(c) the total charge increases. 
(d) the charge and the potential difference remains the same. 
25. If n capacitors, each of capacitance C, are connected in series, then the equivalent capacitance of the 
combination will be 
(a) nC (b) n? C (c) C/n (d) C/n? 


26. Three capacitors 2.0, 3.0 and 6.0 microfarad are connected in series to a 10 V source. The charge on the 
3.0 microfarad capacitor is: 
(a) 5 microcoulomb (b) 10 microcoulomb 
(c) 12 microcoulomb (d) 15 microcoulomb 


27. What is the potential difference across 2 microfarad capacitor in the circuit shown? 


| 6V 
2uF | 3uF 
| | | 16V 

(a) 12 V (b) 6 V 

(c) 4V (d) 18 V 
Read the given para and answer the following MCQs by choosing the most appropriate options (Question No. 
28 to 31): 

Helical Motion. The path of a charged particle in magnetic field depends upon angle between velocity and 

magnetic field. If velocity v isat angle O to B, component of velocity parallel to magnetic field (v cos 0) 


remains constant and component of velocity perpendicular to magnetic field (v sin 0) is responsible for 
circular motion, thus the charge particle moves in a helical path. 
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v sin 0 


Helical path 





The plane of the circle is perpendicular to the magnetic field and the axis of the helix is parallel to the 
magnetic field. The charged particle moves along helical path touching the line parallel to the magnetic 
field passing through the starting point after each rotation. 
mv sin 0 

qB 





Radius of circular path, r = 


Hence the resultant path of the charged particle will be helix, with its axis along the direction of B shown 
in figure. 

28. When a positively charged particle enters into a uniform magnetic field with uniform velocity, its 
trajectory can be (I) a straight line (II) a circle (III) a helix. 

(a) (I) only (b) (1) or (II) 
(c) (I) or (IL) (d) any one of (J), (II) and (III) 

29. Two charged particles A and B having the same charge, mass and speed enter into a magnetic field in 
such a way that initial path of A makes an angle of 30° and that of B makes an angle of 90° with the 
field. Then the trajectory of 
(a) B will have smaller radius of curvature than that of A 
(b) both will have the same curvature 
(c) A will have smaller radius of curvature than that of B 
(d) both will move along the direction of their original velocities. 

30. An electron having momentum 2.4 x 10-7? kg m/s enters a region of uniform magnetic field of 0.15 T. 


The field vector makes an angle of 30° with initial velocity vector of the electron. The radius of the 
helical path of the electron in the field shall be 


(a) 2mm (b) 1 mm 
(c) z mm (d) 0.5 mm 


> A 
31. The magnetic field in a certain region of space is given by B=8.35* x10°i T. A proton is shot into the 


field with velocity Vv =(2*10° 144 10° j) m/s. The proton follows a helical path in the field. The distance 
moved by proton in the x-direction during the period of one revolution in the yz-plane will be 

(a) 0.053 m (b) 0.136 m 

(c) 0.236 m (d) 0.157 m 


Read the given para and answer the following MCQs by choosing the most appropriate options (Question No. 
32 to 35): 


The flow of charge in a particular direction constitutes the electric current. Current is measured in Ampere. 
Quantitatively, electric current in a conductor across an area held flowing across that area per unit time. 
Current density at a point in a conductor is the ratio of the current at that point in the conductor to the area 
of cross section of the conductor of that point. The given figure shows a steady current flows in a metallic 
conductor of non uniform cross section. Current density depends inversely on area, so, here J; >J> as A, < 
A». 
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32. What is the current flowing through a conductor, if one million electrons are crossing in one millisecond 


33. 


34. 


35. 


through a cross-section of it? 
(a) 2.5 x 101° A (b) 1.6 x 10-1? A 
(c) 7.5 x 10° A (d) 8.2 x 1071! A 


A steady current flows in a metallic conductor of non-uniform cross-section. Which of these quantities 
is constant along the conductor? 

(a) Electric field (b) Drift velocity 

(c) Current (d) Current density 


A constant current I is flowing along the length of a conductor of variable cross-section as shown in the 
figure. The quantity which does not depend upon the area of cross-section is 


(a) electron density (b) current density 

(c) drift velocity (d) electric field 

When a current of 40 A flows through a conductor of area 10 m?, then the current density is 
(a) 4 A/m? (b) 1 A/m? 

(c) 2 A/m? (d) 8 A/m? 
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HINTS AND EXPLANATIONS 


13. (b) Assertion and reason both are correct statements but reason is not correct explanation for 











assertion. 
Given. 01 = ©» 
À 
qı 42 of WM 1 
ca 27 -2 
ny = ATT Gro h 
Then the ratio of electric field intensities near the surface of spherical conductors, 
E Arene E n | . 
= ee 5 oe a l Ny. 2- =f y 1 4 ...[Let rı and r, be two different radii 
E, Anger q2 E 92 n 92 h 
1.€. E} = E, 


14. (d) Assertion is wrong statement but reason is correct statement. 
The angle of dip is the angle between the axis of the dip needle in the magnetic meridian and the horizontal direction. 


aos Verion component of the earth's magne Aeg _ by when By = By, tan @ = 1 => 0 = 45° 
Horizontal component of the earth's magnetic field By 
15. (c) Assertion is correct statement but Reason is wrong statement. 
Fuse wire must have high resistance because in series current remains same. Therefore according to Joule’s law 
.2 
H= — , heat produced is high if R is high. The melting point must be low so that wire may melt with increase 


in temperature. As a current equal to maximum safe value flows through the fuse wire it heat up, melt and breaks 
the circuit, 

16. (c) Assertion is correct statement but reason is wrong statement. 
The manner in which the two coils are oriented determines the coefficient of coupling between them i.e., 


M 
K = lei L where Lı and L, are self inductance of two coils. When the two coils are wound on each other the 
I tee 


coefficient of coupling is maximum and mutual inductance between the coil is maximum. 


17. (a) Assertion and Reason both are correct statements and Reason is correct explanation for 


Assertion. 

Given. Capacity of parallel plate condenser, C = „(1) 
1 

Electric field intensity becomes K times las K = EJE 


" Potential V also becomes - times. Hence, from equation (i) capacity becomes K times. Thus electric field decreases 


and capacitance increases when condenser is filled with insulated medium of some dielectric constant. 


18. (d) Assertion is false statement but reason is correct statement. 
On introducing soft iron core, the bulb will glow dimmer. This is because on introducing soft iron core in the 
solenoid, its inductance L increases, the inductive reactant, X; =œL increases and hence the current through the 
bulb deceases. 

19. (a) Assertion and reason both are correct statements and reason is correct explanation for 


assertion. 


Uy 2nnl 
Given. The magnetic field at the centre of circular coil is given by B = ae P 





So if current through coil is double then magnetic field is B’ = 2B. 
"~ The magnetic field also get doubled as magnetic field is directly proportional to the current in conductor. 


21. (c) 2H 
Given: bp = 2 x 10% Wb, I = 0.01 A 
As 6p = MI 
-2 
*. Mutual inductance between two coils, M = $e ape a 2H 


l 0.01 A 
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26. (b) 10 microcoulomb 








2uF 3uF 6uF 
q=? 
+ — 
10 V 
1 1 1 1 1 3+2+1 
Ze a A Zle = 
C~ 2 3 6 = co ef 
T a 10P =9= CV 
. q=1%*10=10 uC 
(b) 6V 
Given. Total potential, V = 16 - 6 = 10 V 
, 2x3 6 
Total Capcitance, C = z 5 CMF 


6 
Total charge, q = CV = = x10 = 12 uC 


ee q 
` Potential difference across 2 uC, Vi = 7 = 5 ~ = 6V 


29. 


30. 


(a) B will have smaller radius of curvature than that of A 
2 
mV 


Using, qv sin 0 = F3 


ro 4, for the same values of m, v, q and B 








sin 
ra _sin90° _ 
rp  sin30° 
eta = ia or fes Ta 
(d) 0.5 mm 
_— mv, _mvsin® _ (2.4x10° kg m/s) sin 30° 
r “GB eB (1.6% 1089 C)x 0.15 T 
=5 x 10% m = 0.5 x 10° m = 0.5 mm 
(d) 0.157 m 


31. 


32. 


35. 


A = A A 
Given. B=38.35x102 î T, v =(2*10° i+4x10°j)m/s, 
m= 1.67 x10” kg 


Pitch of the hele = <M 
gB 
2x3.14x1.67 x10” x2x10 
= — 16x100 x835x107 0157m 

(b) 1.6 x 10-1? A 
g = 10° x 1.6 x10719 C = 1.6 x 10-8 C 
t= 10° s 
p=1-16%10" 16% 19-04 

t 10° 
(a) 4 A/m? 
Given. I = 40 A; A = 10 m? 

. 40 
Current density, J = A> 107 4 A/m? 
oG\---------- oS 
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...[As batteries are placed in same direction 


...[g is same for both as they are in series 
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